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a second look j.̂  p 
\ 

At one time or another 1 suppose most of 
us have wondered why our semiconductors 
are numbered as they are with 1N, 2N and 
3N numbers. To the newcomer, it must look 
like a meaningless bunch of random num-
bers—and it isn't a great deal more to the 
oldtimer! Receiving-tube numbers follow 
certain guidelines, as do many transmitting 
tubes, so what happened to solid state? To 
say that it is a numbering system that grew 
on us isn't too far from wrong—but that's 
getting ahead of the story. 

During the early days of radio, each 
vacuum tube manufacturer numbered his 
tubes as he saw fit. When there were only 
a few tube types available—with very little 
difference in their characteristics—this was 
no great problem. In fact, if you look in any 
of the old radio books, you'll see that none 
of the circuits specify what tube to use; it 
didn't make that much difference. 

However, with the invention of the tetrode 
and pentode, and the introduction of tubes 
with vastly different characteristics, the prob-
lem became pretty sticky. The replacement 
problem was particularly bad, so in 1933 the 
industry voluntarily adopted a numbering 
system that called for a number, a letter and 
another number. The first number denoted 
the filament voltage range, the middle letter 
was a serial designation and the last number 
indicated the number of useful elements for 
which terminals were provided (including 
internal shield and shell connections). This 
is pretty much the system still in use today. 

Transmitting tubes didn't run into the 
standardization bugbear until 1942. With the 
war, and the great number of tube types be-
ing manufactured, a standard number-letter-
number system was adopted for transmitting 
and special-purpose tubes. Examples of de-
vices assigned number from this system are 

the 1N21, 2C39, 2E26 and 3E29. The first 
number indicated the power rating of the 
heater: 1 for zero power, 2 for up to 10 
watts, 3 for up to 20 watts and so on. The 
letter indicated the structure or function: 
B for diodes, C for triodes, D for tetrodes, 
E for pentodes, N for crystal diodes and recti-
fiers, etcetera. The final number was a serial 
designation, started at 21 to avoid conflict 
with the receiving'tube system. 

Except for the use of 1N for semiconductor 
diodes, this system was scrapped in 1946 for 
a purely numerical system starting at 5500. 
Although several manufacturers wanted a 
numbering system for diodes (and later 
transistors) that told the user more about the 
device than a simple serial system, none was 
ever agreed upon. In the meantime, the 
system we use today kept growing. The first 
digit came to indicate the number of ele-
ments minus one—thus a 1N34A is a diode, 
a 2N706 is a triode and a 3N159 is a tetrode; 
the N indicates a solid-state device, and the 
last number is the order of registration. 

This brings up another question—who de-
cides precisely what number will be assigned 
to a particular transistor? The answer is an 
industry sponsored committee that registers 
all new transistors (and vacuum tubes), as-
signing the next open number in the system. 
If the system doesn't make much sense to 
you, don't feel too badly; a number of pro-
fessional groups have tried to put some 
meaning into it, but without a great deal of 
success. The big argument against any new 
system at this point in time concerns the 
great number of solid-state devices already 
on the books—making any new numbering 
system impractical. 

Jim Fisk, W1DTY 
Editor 
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vhf/uhf effects 
in 

gridded tubes 

Here is 

a rundown 

on the characteristics 

you should understand 

to get the most 

out of gridded tubes 

at uhf 
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The technically-minded amateur has known 
for some lime that a vacuum tube becomes 
progressively less effective as the frequency 
of operation is increased. Amplifiers require 
greater driving power, output power drops 
off, and the manufacturer may be obliged 
to derate the tube at the high-frequency end 
of the operable range. If the frequency is 
raised high enough, the gain of the amplifier 
wil l drop to an unusable level. Upon further 
increase in frequency, the gain wil l drop to 
unity or less. At the same time this is happen-
ing, the input impedance of the amplifier 
drops as does the maximum impedance real-
izable in the plate circuit. 

Numerous factors contributing to the re-
duction of amplifier output at vhf and uhf 
can be listed and divided roughly into three 
groups: 

1. Circuit-reactance limitations 
2. Circuit and tube loss limitations 
3. Electron transit-time limitations. 

8 g g January 1969 



circuit-reactance limitations 
At the very-high and ultra-high frequencies 

there exists a situation wh ich is quite differ-

ent from that which exists at low frequencies. 

At low frequencies the electrical circuits and 

the tube are quite distinct. As frequency in-

creases, this ceases to be true, and it is found 

that part of the resonant circuit exists within 

the tube (fig. 1). The electrode leads, while 

they are normally short and have large sur-

face area in modern tubes, have a small but 

finite inductance. A s the frequency of opera-

tion is raised, the reactance of the lead in-

ductance will become quite appreciable, 

often reaching undesirable proportions in the 

vhf-uhf regions. The effect of lead inductance 

is to create a voltage drop such that the ap-

plied voltage across the external terminals 

of the tube will not entirely appear across the 

electrodes. Driving voltage is thus lost across 

the lead inductance. 

In addition, while the interelectrode ca-

pacitances may be small, at ultra-high fre-

quencies they approach a large fraction of 

the capacitance required to establish reso-

nace in an external circuit. A s such, the inter-

electrode capacitances represent a limitation 

in terms of actual operation as the externa! 

tank circuit may "d i sappear " within the tube. 

The combination of the electrode-Iead-

inductance and the interelectrode capaci-

tance may cause an internal resonance in the 

uhf region. 

fig. 1. The total input voltage does 

not act upon the grid-to-cathode elec-

tron stream because of grid and cath-

ode lead inductance—the voltage across 

them subtracts from th« input voltage. 

A typical internal resonance experienced 

in a large power tube is the circuit consist-

ing of the control-grid cage and mount ing 

cone, and the screen-grid and cone. These 

two assemblies can form a quarter wave-

length long tuned-line circuit shorted at the 

tube envelope by the capacitor consisting of 

the two contact rings and the dielectric ma-

terial used in the envelope. The internal 

resonant frequency could be in the range of 

1400 M H z for a five- to ten-kilowatt tube. 

This could lead to a 1400 -MHz parasitic os-

cillation. 

The smaller the tube, the higher the reso-

nant frequency. All tubes will have internal 

resonances and the designer must move 

them out of the normal usable frequency 

range or load the circuit in such a way as not 

to degrade the performance within the rated 

frequency range. Even if resonances do not 

occur, the combination of reactances within 

the tube may constitute an undesired net-

work that creates a mismatch between the 

driver and the tube electrodes. 

magnitude of lead inductance 
The most important reactance encountered 

in a vacuum tube is that associated with the 

lead inductance. A n estimate of the magni-

tude of lead inductance may be made using 

the following equation: 

L = 1.00508C (2.303 log 
4L 

10 1 - f 
2l 

where L = inductance (microhenries) 

t = wire length (inches) 

d = wire diameter (inches) 

This equation assumes no mutual inductance 

with some other nearby lead or wire. 

A s an example of how great lead induc-

tance can be, consider the case of a lead 

that is 0.1-inch in diameter and one-inch 

long. This lead will have an inductance of 

0.015 fiH and an inductive reactance of 47 

ohms at 500 M H z . A n inductive reactance of 

this magnitude, for example, between the 

screen element and the screen by-pass ca-

pacitor outside the tube can cause stability 

problems. A voltage drop exists across the 
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screen reactance caused by the current flow-
ing through it which is the vhf current charg-
ing the output capacitance of the tube. This 
voltage is impressed upon the screen, which 
thereby is removed from ground potential, 
disturbing the grid-plate isolation normally 
afforded by this element 

fig. 2. Gain of a 5CX1500A 
100-MHz class-B amplifier with 
different values of cathode 
bypass capacitance. Gain peak 
occurs when bypass capacitor 
is series resonant with tube, 
socket and cathode lead in-
ductance. 

a 
3 

>00 

cathode lead inductance and 
input loading 

Tube gain will also be adversely affected 
due to a reduction in input resistance be-
cause of the cathode-lead inductance. A small 
amount of cathode-lead inductance in con-
junction with the grid-to-cathode capacitance 
of a vacuum tube will cause a resistive load 
to appear across the input of the tube. The 
magnitude of this added shunt input resis-
tance is: 

1 
R as 

<"2 Lk Cgk 8m 

R = input resistance due to cathode-lead 
inductance 

a> = 2irt where f is frequency (hertz) 
L k = cathode lead inductance (henries) 

C g k = Grid-to-cathode capacitance (farads) 
gm = transconductance (mhos) 

This source of positive input resistance 
can be better understood by realizing that 
it results from a signal appearing across the 
cathode lead inductance, driving the cathode 
a small amount, as in a cathode-driven am-
plifier. (In a cathode-driven amplifier, the 
alternating current component of the plate 

current has to flow through the cathode lead 
inductance to reach the cathode. Since the 
driving signal is in series with the output 
load through the cathode-to-plate resistance 
of the tube, some of the power in the load 
is supplied by the driver.) Unwanted feed-
through power is thus supplied by cathode 
lead inductance in a grid-driven stage. 

The above equation shows that as the 
frequency is increased, the grid-loading due 
to cathode-lead inductance increases. For 
example, if the frequency of the amplifier is 
tripled from 144 to 432 MHz, the input re-
sistance of a particular tube at 432 MHz 
would be one-ninth the resistance at 144 
MHz. If it is desired to drive the 432 MHz 
tube to the same maximum grid voltage 
swing, then nine times the power is required 
just to cover the input loading due to 
cathode-lead inductance. 

There will be other losses such as skin 

r \ 

/ 

f \ 

t \ 
f 
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effect, dielectric, radiation, transit lime and 
the circuit reactance effects shown in fig. 1. 
The amount of grid loading due to cathode-
lead inductance may be reduced somewhat 
by separating the input and output circuit 
paths back to the cathode. Some miniature 
tubes and low power transmitting tubes, such 
as the 4CX250B, 6146 and others, have mul-
tiple cathode leads to minimize the cathode-

fig. 3. Cathode load neutralization. 

lead inductance effects. Transistors also have 
this problem, only it is called emitter-lead 
inductance instead of cathode-lead induc-
tance. 

vhf/uhf cathode-lead inductance 
neutralization techniques 

It is possible to neutralize the effects of 
the cathode-lead inductance by choosing 
the value of cathode by-pass capacitor so it 
will be approximately series resonant with 
the total lead inductance (tube, socket and 
circuit inductance). This technique is parti-
cularly effective in low noise stages of vhf/ 
uhf receivers. 

Fig. 2 illustrates stage gain as a function of 
cathode by-pass capacitance value in a high 
power vhf amplifier. This particular graph was 
obtained from an experimental 100-MHz, 
5CX1500A amplifier running in class B. The 
5CX1500A cathode lead, socket and circuit 
lead inductance was measured to be just 
over four nanohenries. A capacitance of 637 
picofarads was calculated to be necessary for 
cathode lead inductance neutralization. The 
graph agrees fairly well with the calculated 
data. 

A neutralization technique described in 
the October 1939 issue of Electronics is of 
interest (fig. 3). I have had no personal ex-
perience with this technique, but it does ap-
pear to have merit. The voltage drop e L 

across L, caused by the cathode current, is 
reversed in polarity with respect to ek in the 
sense that C K K and L are in series between 
grid 1 and the cathode. Thus, the current 
flowing back to the grid through CB B is 180 
degrees out of phase with the applied volt-
age, e l n p u t . For a certain value of L the cur-
rents through C g k and C K K will be equal as 
well as opposite in phase; thus, the conduc-
tance between grid 1 and the cathode is 
zero. For neutralization of the cathode lead 
inductance the following ratio must be met: 

I r 

For the 5CX1500A 100-MHz amplifier com-
ponent values for neutralization of the cath-
ode lead inductance could be: 

Lk = 4 nanohenries 
C K k = 35.8 picofarads 
CK(, = 10 picofarads 
L = 14 nanohenries 

The well known 4CX250B—rated to 500 MHz. 
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This tube Has twice Iho cathode urea 
ol tho 4CX250B and provides better 
than —40 dB intermodulation distor-
tion. 

L k and C g k are typical characteristics of the 
5CX1500A and SK840 socket while Cg( r and 
L are added components. 

A very similar method of neutralizing that 
part of input resistance caused by the cath-
ode lead inductance uses an inductance in 
the screen-grid lead and has been often used 
in 6146-type gear at 144 MHz (fig. 4). Basi-
cally, this circuit is the same as fig. 3. There 
are two differences: the point K (cathode pin) 
is now at ground potential and only screen 
current flows through the inductance L,,. 

Other circuits may be used to minimize 
the effects of the cathode-lead inductance. 
The grounded-grid, calhode-driven (or prob-
ably more correctly called the "grid-separa-
tion" circuit), is often used (fig. 5). In this 
case the cathode is driven while the grid in 
a triode, or the grid and screen grid in a 
tetrode, arc operated at some low rf poten-
tial. The grid structures then act like a shield 
between the input and output circuits. The 
main advantage, as far as cathode-lead induc-
tance is concerned, is that this inductance 
is now just another inductor in series with, 
and therefore a part of, the input tuned cir-
cuit. There are other advantages that can be 
credited to the "grid separation" amplifier 

which wil l be discussed in the section on 
intereleclrodc capacitances. 

intermodulation distortion and 
input loading 

An appreciable amount of input loading 
can increase intermodulation distortion. Any 
tube plate-characteristic non-linearity wil l 
cause a variation in this input loading with 
signal level and thereby present a varying 
load to the driver, thus causing increased 
distortion in the drive voltage. 

fig. 4. Neutralizing cathode lead inductance 
wit!h an inductor in the screen lead on the 
tube side of the screen bypass capacitor. 

screen lead inductance 
The screen lead inductance between the 

screen element and the screen by-pass ca-
pacitor may help or hinder the operation of 
an amplifier. Below the self-neutralizing fre-
quency1- of the tube, the screen lead induc-
tance is usually detrimental to ihe stability 
of the amplifier, as the rf current flowing 
Ihrough this inductance wil l cause an un-
wanted rf voltage to be developed. The point 
where the screen bypass is connected to the 
screen terminal may very well be at rf ground 
potential, but the potential of the screen 
itself may be varying above and below 
ground by I he magnilude of voltage devel-
oped across the screen lead inductance, eL s 

(fig- 4). 

The magnitude of the developed voltage 
depends on the inductance of Ihe screen 
lead and the frequency of operation. The 
higher ihe frequency, the greater the induc-
tive reactance and the greater the rf current 
through this inductor. The current is greater 
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because the capacitive reactance of the out-
put capacitance of the tube will be smaller, 
and the capacitor will be charging to the 
same rf plate voltage swing each cycle. 

At operating frequencies below the self-
neutralizing frequency of a tetrode, screen 
inductance may be added in order to neu-
tralize the amplifier. That is, the self-
neutralizing frequency is lowered to the 
operating frequency.3 At operating frequen-
cies above the self-neutralizing frequency of 
the tube, a series capacitor is sometimes 
added to move the self-neutralizing frequen-
cy up to the operating frequency (fig. 6). As 
was briefly touched upon previously, some-
times it is desirable to add a certain amount 
of screen lead inductance to neutralize the 

number of leads to use to provide the in-
ductance he needs for his design. 

In a cathode-driven (grounded-grid) am-
plifier, control-grid inductance is very im-
portant. Just as in the case of the screen-lead 
inductance in a grid-driven tetrode amplifier, 
the control-grid inductance in a cathode-
driven amplifier may aid or hinder the de-
signer. The control-grid inductance may 
cause instability, a loss in drive voltage due 
to the voltage divider effect (fig. 1) or it may 
be used to provide a method of neutralizing 
the amplifier.2 

plate lead inductance 
The plate in modern tubes used for vhf/ 

uhf operation is usually designed with a 

cathode-lead inductance portion of the input 
resistance. 

control-grid lead inductance 
The control-grid lead inductance in a grid-

driven amplifier is usually not of much con-
cern as the relative magnitude of the tube 
lead inductance as compared to the external 
inductance added to it to attain resonance is 
very small. The control-grid lead inductance 
is wholly a part of the input resonant circuit 
with no current being induced from the out-
put circuit, and it becomes part of the input 
tuned circuit. An exception to this is in the 
case of a vhf/uhf distributed amplifier. In 
this application an active filter is designed 
using all of the tube lead inductances and 
interelectrode capacitances. The control-grid 
inductance is important in this case, and 
modern distributed amplifier tubes are made 
with four grid leads available to the equip-
ment designer. He then has the choice of the 

massive anode structure in order to dissipate 
the heat that is generated in this element of 
the tube. For this reason, plate lead induc-
tance is usually low enough so it is not of 
any great concern. If normal good engineer-
ing practice is followed in designing vhf/uhf 
circuitry, the plate lead inductance becomes 
inconsequential. 

interelectrode capacitance 
In addition to lead inductance, interelec-

trode capacitance plays an important role in 
the operation of tubes in the vhf/uhf regions. 
Interelectrode capacitances due to active 
parts of the tube structure are incapable of 
reduction beyond a certain point. However, 
in many tubes the interelectrode capacitance 
results largely from capacitance between 
leads in areas of the tube where electrons 
do not flow. It is the job of the tube designer 
to reduce this unnecessary capacitance to a 
minimum. 
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input capacitance 
The input capacitance of a grid-driven tube 

is the sum of the grid-to-cathode and grid-

to-screen capacitances. The larger the input 

capacitance, the greater the drive power 

must be. This can be explained by the very 

large increase in input charging current nec-

must increase. As power is proportional to 

the square of the current, the power lost in 

the input circuit necessarily increases as the 

charging current rises. The driver must sup-

ply this extra power. 

To reduce this loss, the circuit designer 

must keep the input capacitance down and 

SO Ghz I oo 

fig. 7. Chart for computing resistivity and depth of penetration for metallic conductors between 100 MHz and 
100 GHz. 

fig. 6. Screen neutralization at 
operating frequencies above self-
neutralizing frequency of tube, 

essary to charge the input capacitance. As 

the frequency increases the reactance of the 

input circuit becomes smaller, and for the 

same peak grid voltage, the charging current 

may limit the magnitude of the peak grid 

voltage. Peak grid voltage can also be mini-

mized by operating with less bias. Quite 

often in certain amplifiers the class-B mode 

is more desirable than class-C operation. 

Reducing the peak grid voltage and the 

charging current will reduce the amount of 

power that must be dissipated by the con-

trol grid. Radio frequency power dissipated 

by the control grid unfortunately cannot be 

measured by the dc meters on the front 

panel of the amplifier, so the operator has 

no means of knowing if charging currents 

cause excessive grid temperature. High input 

capacitance also limits the bandwidth of the 

input circuit. For those applications requir-

ing large instantaneous bandwidth, great 

care must be taken in the design of the 

equipment. 
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The grid-separation or cathode-driven am-

plifier offers quite an advantage as far as 

input capacitance is concerned. The input 

capacitance consists only of the cathode-to-

grid capacitance. For the same tube in the 

cathode-driven configuration, the input ca-

pacitance will be roughly half that value in 

the grid-driven circuit. This is quite an ad-

vantage for applications requiring wide 

bandwidths. 

output capacitance 
The output capacitance of a power tube 

is an important factor in determining what 

plate-load resistance can be used. This in 

turn determines the stage gain and power 

output that is available. The equivalent shunt 

resistance (plate-load) of a parallel resonant 

circuit can be written as Rj, = Q/2?rfC or 

R l = 2?rfLQ where R L is the plate-load re-

sistance, Q is the loaded Q of the resonant 

circuit and f is the resonant frequency. For 

fig. 8. The effect of transit time on grid losses. At 

the instant shown, the grid potential is increasing 

in a positive direction and there is a consequent 

disproportionate number of electrons between grid 

and cathode so there is electron flow from the grid 

even though it may be negatively biesed. 

operation at a given frequency, to increase 
the shunt resistance it is necessary to de-
crease the shunt capacitance. This can be 

done to a point by reducing the circuit ca-

pacitance and increasing the tank coil induc-

tance, maintaining the same frequency of 

resonance. Eventually, this process is limited 

by the fact that the capacitance external to 

the tube has been reduced to zero; the shunt 

resistance is finally determined by the tube 

interelectrode capacitance. The larger the 

interelectrode capacitance, the smaller the 

shunt resistance that can be realized. Accord-

ingly, power output tends to drop off as the 

load resistance, or as the square of frequen-

cy, as frequency increases. 

There are other problems brought about 
by the effect of output capacitance. The out-
put capacitance must be charged and dis-
charged during each cycle of the radio 
frequency. Again, as the frequency increases, 
the reactance of the output capacitance de-
creases. Therefore, with the same value of 
peak rf plate voltage, the current flowing 
through the output capacitance must in-
crease as the frequency increases. The out-
put capacitance of a tetrode is made up of 
the screen grid structure, the plate structure 
and the tube envelope. 

The charging currents must flow over the 
surface of these components of the tube, all 
of which have varying degrees of rf resist-
ance. It is possible for the charging currents 
to exceed the dissipation rating on the 
screen grid even though the dc meters indi-
cate all is within ratings. It is advisable in 
vhf/uhf circuits, therefore, to try to achieve 
the lowest usable value of peak rf plate 
voltage by using the lowest plate load re-
sistance and drawing the highest plate cur-
rent consistent with desired output power 
and efficiency. Running the tube in this 
manner will lighten the rf stress on the tube 
seals and reduce the rf current in the screen 
grid structure thus providing for a potentially 
longer tube life. 

feedback capacitance 
The feedback capacitance in a grid-

driven amplifier is the capacitance from 
anode to the control grid. The higher the 
frequency of operation, the greater the 
chance for instability due to rf feedback 
from the output circuit through feedback 
capacitance to the input circuit. In the 
vhf/uhf region this capacitance and other 
tube capacitances and inductance must be 
adjusted to provide for neutralization by 
added circuit components.4 

The grid-separation amplifier helps mini-
mize the effects of the feedback capacitance. 
The feedback capacitance in this configura-
tion is very much less than the grid-driven 
case since it is the capacitance from anode 
to cathode with the grid, or grids, shielding 
the output from the input. In some applica-
tions no neutralization will be required. 
Other applications may require quite exten-
sive neutralization.3'® 
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Distributed-amplifier tube discussed in text. By choosing the number of control-grid leads, the designer can 
control lead inductance. The tube in the right-hand photo has a screen by-pass capacitor installed. Center pin 
is one of the heater pins; the square tab on the capacitor is the other heater connection and the cathode. The 
threaded pins are control-grid leads. 

Tube designed for large phased-array radar 
system. Two of these lubes were used in 
the 1000-watt 432-MHz amplifier used by 
WA6LET with a 150-foot dish for moonbounce 
contacts in 1965. 

circuit and tube-loss limitations 
The power losses associated with a tube 

and circuit all tend to increase with frequen-
cy. In the vhf/uhf region, almost all radio-
frequency current flows in the surface layers 
of a conductor because of skin effect (fig. 7). 
The resistance and rf losses in a conductor 
increase with the square root of frequency 
because the layer in which the current flows 
decreases in thickness as the frequency in-
creases. Insulating supports in the tube and 
external circuit have losses associated with 
the molecular movements produced by the 
electric fields. These dielectric losses wil l 
usually vary directly with frequency. Also, 
there wil l be additional losses due to the 
radiation of energy from the wires and leads 
carrying rf current. The power radiated from 
a short length of wire carrying current in-
creases as the square of the frequency. 

Al l these factors contribute to a general 
reduction in tube and circuit efficiency as 
operating frequency is increased. In the 
manufacture of power tubes the resistance 
losses are reduced by increasing conductor 
surface area and by proper choice of lead 
materials. Dielectric losses are reduced by 
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selection of envelope and insulating materi-
als. Support insulators are positioned, when 
possible, out of high voltage fields. Radia-
tion losses are reduced by constructing vhf 
and uhf tubes and circuits so as to be totally 
shielded. At times it is prudent to use con-
centric line construction techniques so that 
tube and circuit fields are entirely confined. 

transit-time limitations 
Electron transit-time effects can contribute 

to reduced tube output in many ways. Tran-
sit time is the finite time an electron takes 
in going from the cathode to the grid. If the 
transit time (a function of grid-to-cathode 
distance and grid-to-cathode voltage) is an 
appreciable fraction of one ultra-high-
frequency cycle, then an electron in transit 
in the grid-to-cathode region might be still 
heading for what was once a more positive 
location than the cathode surface it just 
left, but now finds the grid may be less 
positive or perhaps even negative (fig. 8). As 
a result of transit-time effect in the cathode-
grid region, there will be a dispersal of "out 
of step" electrons. Because of this dispersion 
of the electron stream, the plate-current 
pulses are not as sharp as the current pulses 
liberated from the cathode. 

In addition, energy is required to accele-
rate the electron towards the anode, and 
this energy is supplied by the driver. As the 
operating frequency is raised, more energy 
is required because the grid-input resistance 
due to transit time varies inversely as the 
square of the frequency. That is, if the fre-
quency is doubled, the input resistance due 
to transit time effects wil l be one-fourth that 
at the lower frequency. The extra power re-
quired to overcome transit-time loss due to 
grid-input resistance is supplied by the driver 
and appears as lost drive-power—required 
but put to no practical use other than to 
heat the tube seals and waste precious ex-
citer output. 

Paradoxically, transit-time loss and cath-
ode-lead inductance loss (both of which 
cause input loading) are not all evil because 
they often tend to stabilize a "wi ld" stage. 
Cure of the trouble may lead to higher stage 
gain with the possibility of oscillation and 
instability! 

Circuit loading can be used to achieve 
stability and this is often done at the lower 
frequencies by adding resistors across i-f 
transformers, for example. The circuit de-
signer, therefore, finds that a tradeoff exists 
between loading and stage gain that wil l 
work to his advantage or disadvantage, de-
pending upon his ability to analyze the cir-
cuit. There is often more than one successful 
path to a proper design and the good circuit 
engineer has several alternative paths (in his 
head, if not on paper) to choose from. A can-
did realization of uhf/vhf effects will help the 
circuit designer obtain maximum power, 
efficiency and reliability from his equipment. 
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solid-state circuits 
for 

single sideband 

More and more 

transistor circuits 

are creeping into 

commercial ssb gear-

here are some 

of the circuits 

that are currently 

being used 
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Transistors haven't taken over ham equip-

ment as quickly or as thoroughly as they 

have some electronic gear, but semiconduc-

tors of all kinds are steadily working their 

way in. You see more solid-state construc-

tion in homebrew rigs than in commercial 

ones. Nevertheless, when you look over the 

range of ssb equipment now available, you 

find there's hardly a circuit that hasn't gone 

solid-state in some brand or some model. No 

serious ham can help being interested. 

At first, only small size and portability (bat-

tery operation) were the reasons for using 

transistors. But semiconductors have been 

around for 20 years now, and they are more 

reliable and stable than ever before. With 

few exceptions (high power, extremely high 

frequency) transistors can now perform most 

tube funct ions—and in many cases do a 

better job. Furthermore, the field-effect tran-

sistor (FET) has made high-impedance solid-

state circuits possible. 

Here are some places you'l l see transistors 

in single-sideband transmitters and receivers. 

speech or af amplifier 
The two-stage amplifier of fig. 1 is typical 

of audio transistors used in sideband rigs. 

This circuit is from the Galaxy V Mark 2 

transceiver. Q9 and Q10 are speech amplifi-
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ers between the microphone and the bal-
anced modulator. Power and frequency de-
mands are modest, and hundreds of inexpen-
sive transistor types can do this job. 

The dc supply hookup is simple—positive 
voltage to the collectors, and emitters re-
turned to ground through stabilizing resistors 
R105 and R109. R106 and R112 drop the sup-
ply voltage to the right collector potential, 
and C157 and C124 decouple the two stages 
from each other and from the rest of the 
transceiver. 

Q9 gets base bias through R143 and R104, 
with C121 for decoupling. Q10 uses R107 to 
carry base bias; R107 is a voltage divider with 
R108. 

audio output stage 
Audio power requirements aren't stringent 

in ssb receivers; a watt or two is usually 
sufficient to drive the speaker. Many sets use 
a pair of transistors in ciass-B push-pull ser-
vice—like the one in fig. 2, from the Gonset 
91 OA transceiver. 

Since these transistors are pnp types, they 
require negative collector voltage (with re-
spect to emitter). In this hybrid rig, however, 
supply voltage is positive with respect to 
chassis. The collectors of Q10 and Q11 are 
connected to ground through the low dc 
resistance of T5's split primary. The emitters 
go to the 12-volt fine through R32, a stabiliz-
ing resistor. The collectors are thus negative 

fig. 1. Microphone amplifier. 
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The audio signal is brought from the mi-
crophone through blocking capacitor C120 
and is applied to the base through a filter 
consisting of R103 and C122. This filter re-
moves any stray rf, but has little effect on 
speech signal. Emitter resistor R105 is unby-
passed; that adds a little degeneration to im-
prove linearity in the stage. The audio output 
from Q9 develops across collector load 
R106. 

This output signal is fed to the base of Q10 
through C123. Q10 is a phase splitter, with 
collector and emitter resistors (R111 and 
R109) equal. The collector signal goes to a 
VOX adapter. The emitter signal is fed 
through C126 and microphone gain control 
R110 to the balanced modulator. 

with respect to the emitters. Base bias comes 
from a voltage divider (R30-R31). 

The signal from the audio driver stage is 
coupled to Q10 and Q11 by the split second-
ary windings of input transformer T4. The 
collectors feed their output signals to the 
split primary windings of T5. The secondary 
matches a 3.2-ohm speaker. 

crystal bipolar oscillator 
Raytheon's Sideband Engineers SB-34 trans-

ceiver uses a germanium bipolar pnp tran-
sistor as a 456.38-kHz oscillator. On transmit, 
it generates the carrier frequency, and on 
receive it supplies the carrier-reinsertion 
signal. Output from this stage is fed to the 
balanced modulator, which is also the bal-
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anced detector for receiving. 
The circuit—shown in fig. 3—is a Pierce 

crystal oscillator. Feedback is from collector 
to base via the crystal. 

As in the preceding circuit, the supply 
voltage is connected to the stage in what 
some people call an upside-down arrange-
ment, which is used a lot with pnp transistors. 
The emitter and base are positive with re-
spect to chassis, and the collector is grounded 
(through L11). The collector is thus negative 
with respect to the emitter. 

Base bias is taken from divider R18-R19. 
The emitter stabilizing resistor (R20) is by-
passed by C19, to prevent degeneration. Out-
put voltage is developed by the collector 
across L11. Since the output is untuned, Q12 
is operated class A, with a fairly clean sine-
wave output. 

fet crystal oscillator 
One advantage of the field-effect transis-

tor (over the bipolar) is that the FET's high 
impedance loads a crystal very lightly, mak-
ing a more stable oscillator. FETs also have 
better temperature stability than bipolars. 

These advantages are put to good use in 
the Drake R-4B receiver, which uses an 
n-channel junction FET as a calibration oscil-
lator. The circuit is shown in fig. 4. It's anoth-
er Pierce type, with feedback through the 
crystal from drain to gate. C119 is a trimmer 
to allow zero-beating the 100-kHz oscillator 
with WWV. 

R73 returns the gate to ground for dc. 
Source bias is used, and source resistor R72 
is bypassed for rf by C120. Output voltage is 
developed across drain load R155, decoupled 
by C189. CI88 feeds this rf to a buffer amplifi-
er. C138 lowers the drain-circuit impedance, 

thereby stabilizing the oscillator. The output 
is very high, so the shunting effect of C138 
does no harm. 

Q8 is operated class A and produces a 
clean sine wave at 100 kHz. Other stages 
divide this down to 50 and 25 kHz. The last 
stage produces lots of harmonics, putting 
harmonics every 25 kHz across the bands of 
interest. By rearranging jumpers in the divider 

fig. 3. Pierce type crystal oscillator. 
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stages, the user can get 25-, 50-, or 100-kHz 
markers to calibrate from. 

voltage-tuned vfo 
In the past, vfo's have been LC-tuned, 

usually with an air-dielectric capacitor as the 
variable element. Some new transistor vfo 
circuits, however, use a voltage-variable 
capacitor (also called a varactor or varicap). 
The Conset 91 OA transceiver uses a varactor 
to tune a vfo over the range of 5.5-6.5 MHz. 

The circuit is shown in fig. 5A, and it's 
somewhat complex. Look at how it's redrawn 
in fig. 5B, though, and you'll recognize a 

fig. 2. Class-B audio 
output stage. 
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Colpitts oscillator; C32 and C34 form the 

feedback divider. L1 and all those capacitors 

are in series across the divider. 

Q17 ' s collector is negative with respect to 

its emitter, as befits a pnp bipolar. R33 is the 

load resistor, connected from collector to 

ground. R46 is the emitter stabilizing resis-

tor, and connects the emitter to the positive 

10-volt line. Base bias comes from a divider 

fig. 4, Pierce oscillator us-

ing a field-effect transistor. 

(R45-R34) between the 10-volt line and 

ground. 

Still referring to fig. SB, note that in the 

tank circuit there is only one variable ele-

ment. This symbol represents six capacitors 

and a variable-capacitance diode. In fig. 5A 

you can see those parallel capacitors on the 

left side of the diagram. C26, C27, and C28 

furnish the bulk of capacitance that resonates 

with L1. C29 and C30 are trimmers for align-

ing the vfo. C31 is a blocking capacitor, so 

the control voltage can be connected to D 8 

without affecting the base of Q17. 

A voltage divider (R68, R47, and the vfo 

tuning control), connected from the 10-volt 

line to ground, supplies the control (tuning) 

voltage. As the slider of the tuning control is 

moved, it varies the bias applied to the diode. 

A s the capacitance of D 8 varies, it changes 

the frequency of the oscillator over a 1 - M H z 

range. L2 and C98 decouple the tank circuit 

from the control-voltage line. 

i-f amplifier 
For an example of a simple i-f amplifier, 

look at fig. 6 — t h e circuit used in Gonset 's 

910A transceiver; frequency is 9 M H z . 

You should recognize the upside-down dc 

supply circuit used for Q5. Its collector is 

grounded for dc through T2's primary, and 

the emitter is returned to the 12-volt positive 

line through emitter stabilizer R16 (bypassed 

for rf by C12) and the rf gain control. Base 

bias is applied through R58, but is overridden 

during certain signal conditions by voltage 

from the age line. Stage gain is varied two 

ways: by the manual rf gain control and by 

the age line. 

Transistor i-f transformers—such as T10 

and T2—of ten use a lot of turns on the tuned 

winding (the primary in this case) to improve 

the Q of the tuned circuit. With many turns 

on the coil, the parallel capacitor can be 

small. Also, the slug-type tuning is more 

effective. But, because bipolar transistors are 

low-impedance devices, the primary of T2 is 

tapped at a low-impedance point for the col-

lector connection. The low-impedance base 

of the next stage is fed from a low-impedance, 

few-turn secondary. 

two-way i-f amplifier 
The Raytheon SB-34 transceiver uses a 

novel i-f amplifier stage at 456 kHz. During 

transmission, the stage amplifies the dual-

sideband signal from the balanced modula-

tor and applies it to the mechanical side-

band filter. Dur ing reception, the direction 

is reversed. Incoming rf is heterodyned down 

to the 456-kHz i-f and passed through the 

mechanical filter. The i-f stage amplifies 

these signals and passes them to the balanced 

modulator, which then functions in reverse 

as a product detector. 

The circuit of this bilateral i-f amplifier is 

shown in fig. 7. The emitters of the two 

transistors share a c ommon stabilizing re-

sistor (R33) and by-pass capacitor (C29), and 

both emitters are tied to the 12-volt positive 

line. Q5's collector is returned to dc ground 

through the mechanical filter (not shown). 

Q6 ' s collector is returned to dc ground 

through the secondary of T2. 

As you may have guessed, one transistor 

is on during transmit, and the other is off. 

They switch during receive. The swapping 

is done by changing base bias. In the transmit 
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mode, line A is grounded. R31 and R32 be-
come a voltage divider from 12 volts to 
ground, forward-biasing Q5 and turning it 
on. The sidebands of 456 kHz are fed from 
the balanced modulator through T2, and then 
through C28 and R30 to Q5, which amplifies 
them and sends them on to the mechanical 
filter. 

Line B meanwhile is 12 volts positive. Di-
vider R37-R38 has 12 volts at both ends. Q6 
is therefore not forward-biased, and does not 
conduct. 

In the receive mode, line A gets 12 volts, 
which turns off Q5. Line B is grounded, so 
now divider R37-R38 develops bias at the 
base of Q6. Rf coming from the mechanical 
filter goes through C30 to the base of Q6, 
where it is amplified and fed through T2 to 
the bafanced-modu(ator/product-detector. 

rf amplifier 
In one commercial transceiver, a sim-

ple rf amplifier is used. Its circuit is shown in 
fig. 8. 

The dc circuit is pretty much what you've 
seen before. No emitter resistor is used; the 
emitter is tied directly to 12 volts—although 
it is bypassed for rf by C106. 

Base bias is developed by divider resistors 
R97 and R98; but notice: they're connected 
between the 12-volt line and the age line. 
This keeps the rf stage from overload by ap-
plying age action. 

Rf from the antenna is fed through the T/R 
relay to tuned circuit L17-C129, which is 
broadly resonant across the transceiver's op-
erating range of 49.975 to 54.025 MHz. The 
rf input is tapped down on L17 to match the 
50-ohm antenna. 

Another tap on L17, a little higher, matches 
the base impedance of Q21. From there, dc 
blocking capacitor C107 feeds the rf to Q21. 

A tap on L16 matches the collector im-
pedance of Q21. The resonance of tank cir-
cuit L16-C105 is broadened by R95. The rf 
output signal developed across the tank is 
fed through C104 to the first mixer. 

two-way mixer 
Earlier, you saw the two-way i-f amplifier 

used in the Raytheon SB-34 transceiver. The 
same principle is used in that unit's vfo mix-
er. The circuit is shown in fig. 9. 

The dc hookup is about the same as in the 
i-f amplifier in fig. 7. The collectors are re-
turned to ground through T3 and T6, and the 
transistors share a common emitter resistor 
(R45) and bypass (C43). Base bias is devel-

+ I0V 

* o 

:cat m 

*49 

*3* 

Hf-

J£ M 

^ cm mmm oai 

fig. S. Voltegt-tuncd vfo; simplar vartion it shown in 

oped by dividers from the 12-volt line to con-
trol lines A and B. 

In the transmit mode, Q 7 is on; it ampli-
fies the sideband signal, sending it on to the 
hf mixer and ultimately to the power ampli-
fier and antenna. During the receive mode, 
Q8 is on; it amplifies incoming rf and sends 
it to the mechanical filter. 
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But the purpose of this stage is to add the 
vfo output to the i-f signal. The vfo operates 
between 5457 and 5707 kHz. Transformer L4 

the vfo signal, producing a difference fre-
quency of 2289 kHz, which is fed to the next 
mixer stage. 

fig. 6. Simple intermediate-frequency amplifier. 
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couples its output to the emitter-base cir-
cuits of both Q7 and Q8. 

For transmitting, the sideband signal passes 
from the mechanical filter through T3 to Q7. 
There, it is heterodyned with the vfo (5457-
5707 kHz). The new difference frequency is 
between 3175 and 3425 kHz, and this signal 
is applied to T6. Of course, T6 accepts only 
the specific difference frequency produced 
by the vfo. It's tuned by the A and B sections 
of C48, which are on the same shaft as the 
vfo's tuning capacitor. 

For receiving, the system works in reverse. 
The incoming rf is in the range of 3175 to 
3425 kHz. It's tuned by C48 and T6 and 
passed to Q8. There, it is heterodyned with 

product detector 
In the Gonset 910A, a transistor is the pro-

duct detector for ssb (a diode is the a-m de-
tector). The emitter-follower circuit is shown 
in fig. 10. 

The rf sidebands around 9 MHz are 
brought through T3, whose secondary is a 
low-impedance link that matches the low 
base impedence of Q7. CIS keeps dc out of 
T3 while coupling the rf to Q7's base. A 
steady signal from the 9-MHz crystal oscil-
lator is also fed to the base of Q7, where it 
heterodynes with the sideband signal from 
transformer T3. 

The collector of Q7 returns to ground 

fig. 7. Special i-f circuit passes signal in two directions. 

UNE A use a 
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through resistor R23, and is grounded directly 
for rf by C19. The emitter is fed dc from the 
12-volt line through load resistor R24. C131 
eliminates any rf that is "hanging on," and 
C20 couples the audio to the volume control. 
Base bias is developed by divider R20-R21. 

through R124 to the base (through R121) and 
the emitter (through R123). The rf gain con-
trol (R122) forms the bottom part of the divid-
er from the 100-volt negative line. All this 
makes the collector positive with respect to 
emitter. 

fig. 8. Rf stage uses tapped 
coi ls to match transistor im-
pedances. 

ce»-
STpf 

age amplifier 
One transistor age circuit, from the Galaxy 

V Mark 2, is shown in fig. 11. Audio signals 
are fed through C137 from the product de-
tector to the base of Q8, This is an npn stage 
which requires positive collector voltage. But 
the collector must develop a negative voltage 
to apply to vacuum-tube grids (the set is a 
hybrid). 

If the collector must be somewhat nega-
tive with respect to ground, the emitter and 
base must be even more negative. As you 
can see, a 100-volt negative line is tied 

Q8 rectifies the audio signal and develops 
a negative dc output across the R125, R126, 
and part of R122. C I 38 and C139 bypass 
what audio is left, and the negative dc volt-
age is used to bias the grids of the rf and i-f 
amplifiers. 

Manual gain control for both rf and i-f 
stages is provided by R122. The arm taps off 
a portion of the voltage from the negative 
110-volt line, and applies it to the grids of 
the rf and i-f amplifiers through R126. Only 
if the dc output of Q8 exceeds the amount 
set by R122 does the age take effect. 

fig. 9. Two-directional mixer stage with common oscillator for both receive and transmit. 
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bias regulator 
National's NCL 2000 is a linear power 

amplifier in which a pair of power tubes in 
parallel furnish 2000 watts PEP when driven 

through R42). Q2 is biased on and conducts. 

But Q2"s collector is tied directly to the 

base of regulator transistor Q1. Also, re-

member, Q1's collector is tied directly to the 

fig. 10. Emitter-follower product detector. 

by an ssb exciter. For proper sideband opera-
tion, the PA grid bias must be held constant 
despite varying line voltage or load changes. 
Fig. 12 shows the circuit that accomplishes 
this task. 

A dc supply furnishes 90 volts negative 
directly to the collector of the regulator tran-
sistor. This —90 volts is also tied, through 
R39, to the emitter of Q2, the error amplifier. 
Q2's emitter is held at —18 volts by zener 

fig. 11. Solid-state automatic gain con-
trol circuit that furnishes control voltages 
for vacuum tubes. 
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diode D9, as a steady reference. C17 and C12 

bypass any transient voltages that might be 

too quick for the zener diode. 

The collector of Q2 is also tied to the 90-

volt negative fine, through R38. C6 and C8 

bypass any transients that get into this 

branch. Q2's collector is more negative than 

its emitter or its base (which goes to ground 

90-volt negative line. Q1's emitter, which is 
the output element of the regulator, is re-
turned to ground through resistors R40, R41, 
and R42—a voltage-sensing divider across the 
regulator output line. C11, C15, C16, C10, 
and C49 bypass any transient voltages in the 
grid-bias sensing network. 

When Q2 is on, Q1 is also on, but its base 
bias depends on the conduction of Q2. Cur-
rent flows from the 90-volt negative line 

TO RF TO l-F 

through Q1, and through the sensing divider 
R40-R41-R42 to ground. This places Q1's 
emitter—and the PA grid-bias line—normally 
somewhere between —25 and —45 volts 
with respect to ground. 

If the voltage on the grid-bias line changes, 
it affects voltage at Q2's base. Q2 amplifies 
this change and inverts it at the collector. 
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Thus, any error signal is applied to the base 
of Q1. The emitter-collector conductancc of 
Q1 changes and restores the original voltage 
at Ql 's emitter. The normal bias value is 
adjusted manually by R41, which sets the 
operating point for the base of Q2. 

future of transistors in ssb 
That's a real handful of transistor circuits. 

Most sideband functions, you have seen, can 
be performed by today's transistors or diodes. 
You may have noticed that no rf power stages 

fig. 12. Two-iransis-
tor circuit regulates 
power-tube grid bias. 
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drive indicator 
The Drake R-4B receiver is often used with 

a companion transmitter. When it is, the re-
ceiver vfo is used to excite the transmitter. 
The frequency is then identical for receiving 
and transmitting. 

But if the transmitter were fired up without 
rf drive, the final tubes could be damaged. 
A neon lamp might be used to monitor rf 
drive directly, but the rf level is too low to 
fire a neon. So, a transistor switcher is used 
instead, as shown in fig. 13. 

R150 and R151 form a divider from the 
150-volt line to ground. Q10 is an npn 
grounded-emitter transistor, and is not nor-
mally conducting, so it has a high emitter-
collector resistance. The lamp stays off. 

When the vfo Operates, rf from the first 
mixer stage is rectified by D15; a positive 
voltage develops across R153. This dc is 
applied through R77 to the base of Q10. 
(D17 is a protective diode which shunts any 
negative peaks to ground.) The transistor is 
biased into conduction and becomes a low 
resistance from its collector to ground. The 
neon fires. 

were mentioned here. This lack will soon 
be filled. New silicon "overlay" transistors 
promise up to several hundred watts and 
can work beyond 50 MHz. Some are avail-
able now, but at high cost. In time, though, 
ail but the very highest-powered ssb trans-
mitters will be completely solid-state. 

ham radio 
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mosfet converter 
for 

220 mhz 

You must still 

select 

these semiconductors 

for the higher frequencies-

but it's worth it 
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Superior gain characteristics of ihe metal-
oxide semiconductor field-effect transistor 
(MOSFET) have been exploited in ham-band 
converters for six and two meters in ham 
radio's June and August 1968 issues.1'- Al-
though its gain diminishes slightly between 
200 MHz and 300 MHz, the MOSFET—partic-
ularly the dual-gate type—is still a fine per-
former at 220 MHz. The deluxe combination 
of low noise, high gain and low cross-modu-
lation are packaged in the following solid-
state converter, which is reasonably easy to 
construct and tune. 

circuit considerations 
The "lV-i-metcr band is more demanding of 

semiconductors than are the lower frequen-
cies. Only by selecting high-quality compo-
nents was it possible to achieve the desired 
level of performance. Much to my surprise, 
the oscillator and multiplier transistors are 
equally as critical as those used in rf stages. 

The first rf amplifier uses an RCA 3N159 
dual gale MOSFET, which is a low-noise ver-
sion of Ihe RCA 3N140. in using Ihe 3N159, 
you achieve the lowesl possible noise figure, 
about 2.5 dB. Very low feedback capacilance 
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—less than 0.02 pF—allows operation with 

no neutralization. The second stage, being 

less critical, uses the 3N140 operating at low-

er gain to prevent overload. 

Two rf stages may be stagger tuned if wide-

band operation is desired. Unlike the two-

meter converter, which had to be stagger 

tuned, this converter can have both stages 

peaked on the same frequency. This added 

utility is made possible by using dual-gate 

MOSFET ' s in both rf stages, with Teflon sock-

ets, to minimize feedback capacitance. 

Only one change is made in the 3N141 

mixer circuit from that in the 6- and 2-meter 

converters. It is the addition of a neutralizing 

circuit from gate 2 to ground.3 The L and C 

resonate at 14 MHz , effectively bypassing 

gate 2 at the intermediate frequency. (Values 

must be changed if output other than 14 M H z 

is employed.) Incoming signals will be im-

proved one S-unit or more with this circuit. 

The technique may also be used on the two-

meter converters. 

Birdies and "garbage" on 220 have not 

helped to make it a popular band. One way 

to improve the situation is to use a high-

frequency local oscillator as was done here. 

A 2N3478 drives a 103-MHz fifth overtone 

crystal whose frequency is doubled in a sec-

ond 2N3478. Cheaper transistors did not de-

liver enough injection voltage for good gain 

in the mixer. 

I find that the use of back-to-back diodes 

in the antenna circuit is quite controversial. 

Some feel they are essential to prevent burn-

out of the front-end transistors, while others 

say this is not so.* M y friend Ed, W 2 D M R , 

uses a 3N140 preamplifier with no diodes on 

ten meters with a kilowatt. His only isolation 

is a DK60G relay. He operates within 1A mile 

of another kilowatt on the same band with-

out problems. I have removed the diodes in 

all my converters without mishap, but 10 

watts of rf is the greatest power I've generated 

on any band. Diodes are shown in the sche-

matic for those who care to use them. 

Sometimes rf burnout has been traced to 

slow decay of the transmitter's output, rather 

than the lack of isolation of the relay. In this 

case, large amounts of rf may load the con-

verter during coaxial relay switching. A very 

good solution to this problem is found in 

delaying the relay, or by using two sequen-

tially operated relays—one for the transmit-

ter; one for the receiver. 

construction 
As with the 6- and 2-meter converters, all 

components were mounted on copper-clad 

printed-circuit board according to the layout 

shown. The board is fastened to a Bud 

CB1626 chassis. Satisfactory operation is once 

again possible without shields. For those who 

may have forgotten the rules for handling 

MOSFET's, the following should be observed: 

1. Keep MOSFET leads shorted until ready 

to use. (These devices are shipped this way.) 

2. When cutting leads, grasp lead and case 

with fingers to reduce possibility of electrical 

and mechanical shock. 

3. D o not solder or change components 

with MOSFET 's in their sockets. (Such a prac-

tice may be acceptable if you use a soldering 

iron with a grounding system.) 

4. Never insert or remove transistors when 

power has been applied. 

performance plus 
A comparison of this converter was made 

with my Nuvistor converter whose noise 

• Depends on the transistors. Quality control and in-

spection mean different things to different manufac-

turers. Better use the diodes and be safe. Editor. 
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FIRST 
RF AMPLIFIER 

3HI53 
3 / r \ i 

SECOND 
RF AMPLIFIER 

g_g 3*140 

m O 
JONES +ISV 
PLUS 

L1 2'/i turns number 20, spacewound, */<" diam-

eter; tapped 1 turn from ground 

L2, L3 2</> turns number 22, '/«" diameter 

L4 0.68 ^ H . (J. W. Miller 9310-08) 

3 /iH. 17 turns number 22 on 3/8" diameter 

slug-tuned form (J. W , Miller 20A336); sec-
ondary is 3 turns number 26 on cold end of 
L5 

L5 

L6 

L7 

L8 3Vi turns number 22 on .205" diameter slug-

tuned form, red core (J. W. Miller 4300-3) 

103-MHz crystal is Sth overtone (International 

Crystal FM-1-GP) 

All 10-pF trimmers are JFD type VAM-010 

(All ied Radio 43F345)* 

1.5 jxH (J. W. Miller 9310-16) 

0.22 (J. W. Miller 9310-02) 

fig. 1. Schematic diagram of the 220-MHz converter. Capacitors marked BM are button micas; bypass capacitors are discs or laminated ceramics. 

'Ava i lable from All ied Radio Corporation, 100 N. Western Avenue, Chicago, Illinois 60680. Order catalog number 43F3475. $3.95 each plus postage: shipping weight, 2 ounces. 



HOLC MILL sac 
A NO. XI 
» NO. t l 
e 
D a/K" DM 
£ 13/tH'OtA 
F 3/1* DM 
0 11/64' D M 
H „ ll/W'DM 

MATERIAL' 
THIN COPPM Off COPPER-CLAD IOAIID 

fig. 2. Chassis layout for the 220-MHz mosfet converter; this chassis designed for Bud CB-162S chassis.* 

figure is about 5 dB. The noticeably quieter 
MOSFET's are music to my ears. 1 find that 
the gain is comparable, which is not an easy 
achievement with the best of the current 
JFET's. 

While 220 is an orphan band in many parts 
of the U.S., the Mt. Airy VHF Society has kept 
it alive in the Philadelphia area. Only one 
station has managed to overload my MOSFET 
converter. (We is hard on the tubes too!) Ad-
mittedly, this is no test for comparison, but 
I feel the MOSFET is at least as good as the 
proven two-rf-stage 2-meter converter2 with 
respect to cross modulation and dynamic 
range. 

mosfet's and the future 
Only a few of the semiconductor manu-

facturers are manufacturing MOSFET's, and 

*Bud CB-1626 chassis available from All ied Radio 
Corporation, 100 N. Western Avenue, Chicago, Illi-
nois 60680. Order catalog number 42E7812, $.55 plus 
postage; shipping weight, 12 ounces. 

not all are interested in the depletion-mode 
types for vhf such as the RCA transistors used 
in this series of three articles. Stability prob-
lems of the oxide layer which once plagued 
the MOSFET have been largely solved, giving 
lime for curing the ills of static burnout and 
frequency limitations. 

MOSFET amplifiers at 500 MHz are prac-
tical now, but high-volume production is 
not in effect on these units. Some feel the 
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Under-chassis construction of the 220-MHz mosfet converter. 

upper frequency limil of the MOSFET is 1000 
MHz, but science may soon disprove that 
notion. Even now, Motorola has incorporated 
a layer of silicon nitride to eliminate static 
burnout of the oxide layer. 

Fairchild has integrated additional circuitry 
in the MOSFET package to reduce the burn-
out hazard, while other manufacturers are 
experimenting with still different techniques. 
Presently, there is no simple solution com-
patible with all MOSFET's, but the fact also 
may be changed in the near future. 

The metal-oxide semiconductor field-effect 
transistor answers the challenges of high in-
put impedance, extremely low feedback ca-

pacitance, high gain, low noise, inexpensive 
construction, wide dynamic range and low 
cross modulation. It is so distinctive that it 
invites comparison in all rf and many clc ap-
plications. 

references 
1. D. YV. Nelson, "The YVB2EGZ Six-Meter MOSFET 
Converter," h.im radio, June, 1%!!, p, 22. 

2. D. W. Nelson, ' I he Two-Meter Winner," hum 
radio, August, 1968, p. 22. 
3. H, M. Kleinman, "Application of Dual-Gate MOS 
Field Effect Transistors in Practical Radio Receivers," 
IEEE Transactions ori Broadcast ar></ TV Receivers, 
July, 1%7. 
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next month in ham radio magazine: 
signal detection in the presence of noise 

programmable repeater identifier 

stable transistor vfo 

universal solid-state preamp 

power supplies for ssb 

analyzing incorrect dc voltages 

sloping dipole antenna 

plus many m o r e . . . 
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stub-matched 

antennas 

A simple 

multiband antenna system 

that features 
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Transmission lines can be used for various 
purposes besides transferring power to an an-
tenna. Depending on the electrical length of 
the line, it can function as a frequency-
dependent switch, an impedance-matching 
transformer or a reactive circuit element. You 
can devise a number of interesting antenna 
designs with the first two functions. Normally 
these characteristics are used separately, but 
there is no reason why they can't be com-
bined. 

Before you digest any designs, it's im-
portant to have a clear idea of how trans-
mission-line sections work as impedance-
matching transformers and frequency-depen-
dent switches. 

transmission line characteristics 
A lossless transmission line one-quarter 

wavelength long will transform the imped-
ance at its input terminals to an impedance 
at its output terminals equal to 

(Zo)2 

~ZirT 

where Zo is equal to the impedance of the 
line. 

However, this is only true when the input 

fig. 1. Basic quarter-wave transmission-line 
transformer; limiting cases occur where input 
impedance is either zero or infinite. 

/ 
r 4 A 1 
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or output impedance is a pure resistance. 
Although the whys of this impedance trans-
formation can be shown mathematically, the 
proof is somewhat tedious. Perhaps the sim-
plest way to visualize the action is to remem-
ber that the input voltage and current vectors 
undergo a 90° phase shift on the quarter-
wave line. Therefore, their relative amplitude 
values are reversed. If the input impedance 
is lower than the line impedance, the output 
impedance is always higher. If the input im-
pedance is greater than the line impedance, 
the output impedance is always lower. 

Any number of quarter-wave sections can 
theoretically be used in series if one particu-
lar line does not provide the desired trans-
formation. If the transmission line is one-half 
wavelength long, the output impedance is 
the same as the input impedance since this 
is the same as putting two quarter-wave sec-
tions back-to-back. 

The limiting case occurs as shown in fig. 
1 when the input impedance is either zero 
(short circuit) or infinite (open circuit). It can 
be seen from the impedance-transformation 
formula that the output impedance must be 
opposite from the input impedance. With this 
in mind, we can use the quarter-wave trans-

fig. 2. A dipole antenna Has re-
active and resistive components 
at harmonic frequencies as shown 
here. 

If line length is fixed and the frequency is 
doubled, the transmission line represents 
one-half wavelength and the output imped-
ance is the same as the input impedance. 

Therefore, by controlling the termination 
and length of the transmission line, it can be 
used as an impedance transformer, a 1:1 im-
pedance transfer element or a frequency-
dependent switch. 

dipole harmonic operation 
A simple resonant half-wave dipole pre-

sents a pure resistive impedance which 
matches 50- or 70-ohm cable fairly well. If 

fig. 3. A stub-switched and 
-matched antenna for 80 and 40; 
construction is shown in fig. 6. 

1/4 A (80) 1/4 X (90) 

X/TO OHM LINE TO TRANSMITTC 

— V f e r 
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V 

7i 

It 

i — / 

ANTENNA LENGTH 

mission line as an rf switch. 
However, the switch is frequency depen-

dent. If the input impedance is zero at a fre-
quency where the transmission line is a 
quarter-wavelength long, the output imped-
ance is infinite and looks like an open circuit. 

the dipole is used at harmonic frequencies, 
its terminal resistance and reactance will vary 
as shown in fig. 2. At even multiples of a half-
wavelength, the terminal impedance is high-
ly resistive with practically no reactive 
component; at odd multiples, the terminal 
impedance is resistive at almost the same 
value as at the fundamental frequency with 
no appreciable reactive component. This is 
the reason you can use a 7-MHz dipole suc-
cessfully on 15 meters with the same feedline. 

To feed maximum power into a dipole at 
any multiple frequency of its fundamental, 
you have to match the antenna's terminal 
impedance. The usual way to do this is to use 
a resonant transmission line and an antenna 
coupler at the transmitter. By using com-
binations of quarter-wavelength transmission 
line sections at the antenna, however, it's 
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possible to obtain multiband operation with-
out an antenna coupler or any tuning or 
bandswitching circuits. The transmission line 
going to the transmitter wi l l still operate at 
a low swr on each band. 

some basic antennas 
Once you understand how the transmission 

line sections can be used, you'll undoubtedly 
be able to come up with designs of your 
own. As a starter, here are some basic de-

horizontal transmission line section which 
was one-quarter wavelength long on 80 
meters is one-half wavelength long on 40 
and presents an open circuit between ter-
minals X and Y. 

The vertical quarter-wavelength section is 
effectively connected between terminals X 
and Y ; this section acts as a transformer, and 
its characteristic impedance is chosen to 
match the transmission line to the transmitter. 

Normally, if 50- or 70-ohm coaxial cable 

signs I have investigated. 
A dipole which automatically bandswitches 

from 80 to 40 meters is shown in fig. 3. On 
80 meters, the open-circuited quarter-wave-
length sections (shown horizontally) between 
points X and Y effectively short out the ver-
tical quarter-wavelength section. This effec-
tively connects points X and Y together as in 
a normally fed dipole. 

On 40 meters, the flat-top portion of the 
antenna is a full wavelength long with a rise 
in input impedance as shown in fig. 2. The 

is used, the matching section can be made 
from 300-ohm twinlead. The characteristic 
impedance of the horizontal transmission line 
sections aren't particularly important since 
they only perform a switching function. 

The antenna operates as a normal dipole 
on 40 meters; the main radiation remains 
broadside to the line of the flattop with 
about 1.8-dB gain. 

Variations of the same antenna for differ-
ent bands are shown in fig. 4. The antenna 
of fig. 4A is designed for 20 and 10 meters 

fig. 4. Variations of the antenna of fig. 3 (or other bands. 
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and is simply a scaled version of the antenna 
shown in fig. 3. The antenna of fig. 4B is for 
15 and 10 meters but is a bit different. Since 
you can't cut a half-wave dipole for 15 
meters and use it as a full-wave dipole on 
10, a different approach is used. The dipole 
is cut one-half wavelength long on 10.5 M H z ; 
this makes it a full-wave dipole on 15 and 
approximately three half waves long on 10. 

If you analyze the switching section, you'll 

0.64 wavelength. A simple two-band antenna 

can also be built as shown in fig. 5B; in this 

design the transmission line section acts as a 

switch. 

construction 
You should observe a few precautions 

when building any antenna. For one thing, 
the physical length of the transmission line 
must take the velocity factor of the line into 

A g 

fig. E. Construction of the stub-switched antenna. The center stub section is looped between terminals A B and 

C E . The coaxial feedline is connected to terminals C and D. 

find it produces a short circuit on 10.5 MHz, 

an open circuit on 15 meters and a short cir-

cuit again on 10 meters. The antenna is 

matched on 10.5 MHz and while this feature 

has no amateur value, it may be useful for 

W W V reception. Because of the length of the 

flattop, the antenna has about 1.8-dB on 15 

and 10 meters. However, on 10 meters the 

radiation pattern takes the form of a clover-

leaf characteristic of a 3/2-wave dipole. 

The antenna shown in fig. 4 C is a little more 

conventional although it is basically the same 

as fig. 3. Operation is possible on three bands 

—40, 20 and 15 meters—because the flattop 

is 3/2-wave long on 15 and the transmission-

line switch shorts out the matching section. 

The use of transmission line sections 

doesn't have to be limited to dipoles; they 

can be used just as easily with unbalanced 

vertical antennas. The antenna in fig. 5A is 

basically one half the antenna shown in fig. 

4C. Although it resonates on 40, 20 and 15 

meters, it is mainly useful on 40 and 20 since 

the radiation angle is quite high on 15 meters. 

This is because the vertical radiator exceeds 

consideration (typically 7 0 % for 300 ohm 
twinlead). The line sections shouldn't be 
formed into coils and placed at the center of 
the flattop since this will introduce spurious 
resonances. It's better to bring both ends of 
the sections to the center of the antenna in 
the form of a drooping " U " as shown in 
fig. 6 and then make all the interconnections. 

The values shown in fig. 2 are typical for 
wire antennas made from number 12 or 14 
wire. If the antenna is made from very thin 
wire and used on 80 meters, the impedance 
values at harmonic frequencies may be higher 
than those shown. In this case it's a good 
idea to put the antenna together temporarily 
without the switching sections and operate 
it on the harmonic frequency; then measure 
the swr to determine if you've picked the 
right impedance for the matching section. 

You should have no difficulty with the 
switching sections if they are cut to formula 
length. The power handling capability of the 
antenna is determined by the rating of the 
transmission line used for the line sections. 

ham radio 
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current-controlled 
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How to use 

a new 

electronic component 

that adds versatility 

to a number 

of circuits 
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Coming for the most part as fallout from 
military research and development—where 
they have been used for almost ten years 
—are a fascinating line of variable induc-
tors. These inductors are electrically vari-
able, but unlike varicaps, they alter the in-
ductance of a circuit as a control current 
is varied from 0 to 60 mA. 

Cutaway of a typical Vari-L 
current-controllable inductor. 

PCRMAHtHT MAGNET 

SIGNAL WINDING 

CONTROL COILS 

CONTROL YOKE 

/ 
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One of the circuits developed by the 
Vari-L Company* to demonstrate typical 
applications of the Mite series variable 
inductors is shown in fig. 1. As the control 
current is varied from 0-60 mA, this super-
regenerative receiver's detector tunes from 
20 to 50 MHz. The audio output can be 
fed to a simple transistor amplifier. 
While the inductor shown presently sells for 
$15.80, the manufacturer expects produc-
tion costs to fall appreciably as time goes 
on. 

(at zero control current). With the 100-mH 
units, frequency bands of 3 through 30 kHz 
can be covered; with the .05 ^h inductor, a 
250-300 MHz range can be realized. 

When you use these inductors, it's rec-
ommended that the signal winding be con-
nected to the tuned circuit the same way 
as any conventional high-Q coil. Next, it is 
resonated with a suitable tuning capacitor, 
and the control winding is connected to a 
source of continuously-variable current 
(such as a battery and a rheostat). 

fig. 1. Superregenerative receiver using a Vari-L coil. Receiver tunes from 
20 to 50 MHz as the control current is varied from zero to 60 mA. 

V VARI-L MITE 
M-l 

how the inductor works 
These tiny variable inductors are two-

part assemblies. The control winding is 
wound on the support legs of a U-shaped 
ferrite or laminated core. The signal wind-
ing is wound on a ferrite core positioned 
over the open end of the U; this winding is 
used as a tunable coil in a Colpitts 
oscillator or other two-terminal networks. 
When ac or dc current is passed through 
the control winding, it causes the magnetic 
flux to vary—decreasing the over-all perme-
ability of the signal-winding core. 

These Mite-series units are available 
with inductances from 100-mH to .05 /iH 

* Vari-L Company, Inc., 207 Greenwich Avenue, Stam-
ford, Connecticut 06904. 

By varying the current, the operating fre-
quency is smoothly controlled. A tracked 
chain of several units can be controlled 
equally well—tuned to the same or har-
monically related frequencies. The charac-
teristic curve of a typical Mite inductor is 
shown in fig. 2. 

applications 
Since the inductance can be varied slow-

ly or at high speed rates—up to several 
million times per second—command can 
come from just about anywhere. It can be 
a manually-operated source, an electronic 
circuit or a transducer. They are useful for 
remote control or closed-loop systems, for 
sweeping oscillators or passive filters and 
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for frequency switching. 
These variable inductors have been used 

in receivers, both in local oscillators and 
gang-tuned rf amplifiers, sweep generators 
of all types from audio to vhf, frequency 
modulators for transmitters, ultrasonic test 
generators and spectrum analyzers. Since 
the unit is sealed, ruggedly built and with-
out any moving parts, field failures are un-
known. Early versions are still going strong 
after 12 years according to the manufac-
turer. 

Additionally, Vari-L is now concentrat-
ing on the development of new uhf vari-
able-inductor designs and resonant-cavity 
units which wil l extend the useful region of 
the devices into the gigahertz range. This 
should be of particular interest to uhf en-
thusiasts looking for better ways to remote-
ly control their plumbing installations, such 
as preamps/converters that are employed 
at the feedpoints of parabolic dishes and 
corner reflectors. 

One vhf application is shown in fig. 3. 

fig. 2. Characteristics of a typical Vari-L inductor. 
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This oscillator tunes from 170 to 240 MHz. 
The frequency is varied by the 60-mA con-
trol current fed to the MP-1 inductor at 
terminal three. The output link is a conven-
tional hairpin located close to the tank 
and adjusted for maximum output at the 
frequency desired. The 2.5-pF variable ca-
pacitor may be a fixed value if only 220-
MHz operation is desired. Do not substi-
tute other transistors for the 2N1493. 

Another interesting application is shown 
in fig. 4. This circuit provides one milliwatt 
into a 50-ohm load in the 260- to 380-MHz 
range. A Fairchild 2N3563 is recommended 
by the manufacturer, although a 2N918 
can be substituted with good results using 
the same circuit constants. Usual construc-
tion techniques are recommended to insure 
oscillation over the entire frequency range. 
Further, a shielding can is recommended 
for the Mite MP-1. 
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fig. 4. A 260- to 
380-MHz vfo devel-
oped by Vari-L 
engineers to dem-
onstrate the ver-
satility of the MP-1 
inductor. 
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Lastly, fig. 5 shows how a Vari-L MK-
100 inductor can be used in a 5 to 75-
kHz continuously variable oscillator. With 
the 2N2712 transistors shown, output wil l 
be on the order of 0.1-volt rms with three-
percent distortion. Unlike previous exam-
ples, this circuit requires a somewhat lower 
control-current range—zero to 15 mA. Oth-
er transistor types can be used with good 
results, including the 2N4124, 2N4265, HEP-
54 and GE-10. 

In conclusion, it should be noted that 
Vari-L products are presently not widely 
available at electronic distributors. If you're 
interested, it's suggested that you contact the 

manufacturer directly for literature. Vari-L 
wil l respond to interested amateurs and wil l 
ship single-unit quantities by first-class mail. 

references 
1. "Remote-Tuned Superregenerator," Radio-Elec-
tronics, May, 1967, p. 53. 
2. "Manufacturers C i rcu i t , " Popular Electronics, June, 
1967, p. 77. Description of a "Z-Match" unit also 
manufactured by Vari-L, showing application in a 
broad-band amplifier circuit. Readers interested in the 
wide-band transformer should request Bulletin 567. 
3. "Vari-L Condensed Catalogue: Electrically-Variable 
Inductors, Sweep Oscillators, Develoboards," avail-
able on request from Vari-L Co. , Inc. 
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fig. 5. Variable oscillator that tunes from 5 to 75 kHz. 
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some notes 
on 

cubical quad 
measurements 

Much has been written, and probably much 
remains to be written, about cubical quad 
antennas. A review of measurement meth-
ods for these popular antennas seems in 
order for those desiring to improve the per-
formance of their quads and for those who 
wish to build one from scratch. 

The basic beam consists of a driven ele-
ment and reflector. Measurement data are 
given here for arrays with n-elements, how-
ever, for those interested in a larger an-
tenna. 

Test equipment includes: 
1. Accurately calibrated receiver 
2. Grid-dip oscillator 
3. Antennascope (rf bridge) 
4. Swr bridge 
5. Signal source capable of providing a 

few watts at the frequencies of interest. 

The accurately calibrated receiver is used 
to check the grid-dip oscillator to obtain a 
frequency reading within one-half percent. 
The signal source may be your transmitter 
or transceiver if power can be reduced to a 
few watts. 

driven element resonant 
frequency 

First, disable all elements except the 
driven element. Open these elements and 
fold the wire back over itself. If you don't 
do this, you'll get several readings on the 
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GDO when it's coupled to the driven ele-
ment. Now loosely couple the GDO by using 
a small "gimmick" made from a male coax 
connector and a short loop of wire. Solder 
one end of the wire to the connector shell, 
and connect the other end to the center pin, 
making a loop about a half-inch in diameter. 

The gimmick replaces the coax on the 
driven element for the measurement. Next, 
raise the antenna as high as you can con-
veniently reach to make the measurement. 
The plane of the antenna should be per-
pendicular to the ground. Find the resonant 
point, using the GDO with very loose cou-
pling, then check the GDO with your cali-
brated receiver. This should give an accurate 
measurement of the driven element resonant 
frequency. If there are other elements to be 
measured, proceed in the same manner. 
Keep a record of the data. 

Cubical quad driven elements are cut ac-
cording to the relationship 

L = 1000/f 
where 

L is the length of wire (feet) 
f is the resonant frequency (MHz) 

Some manufacturers use a constant of 
1005, but the difference, in terms of total 
percent length, is insignificant for amateur 
work. 

On 20 meters, the wire length should be 
changed 5.7 inches for each frequency change 
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of 100 kHz. In other words, if your driven 

element resonates at 14.2 MHz, and you 

want it to resonate at 14.3 MHz, subtract 5.7 

inches from the total length, or about 1.5 

inches from each side (4 X 1.5 = 6, which is 

close enough). 

reflector resonant frequency 
If coils are used in the reflector to lower 

its frequency, simply couple the G D O loose-

ly to the coil, and measure f; it should be 3 

to 5 percent lower than the driven element 

at the point chosen for it's operating fre-

quency. If a stub is used to lower the fre-

quency, couple the G D O to the stub. If you 

can't get a satisfactory reading by this meth-

od, then coil up the wire in the stub to 

make a small loop, and couple the G D O to 

the loop. The loop should be a single turn, 

or even a half turn, to get the correct reso-

nant frequency. If f is obtained by increasing 

the wire length 3 to 5 percent, follow the 

procedure given above. 

director resonant frequency 
A n identical procedure is used for check-

ing director resonant frequency. These ele-
ments should resonate from 3 to 5 percent 
higher in frequency than that of the driven 
element. (I use 5 percent.) It's possible, if 
more than one director is used, to resonate 
the first director at 5 percent, the second at 
4 percent, etc. No data have been obtained 
concerning shortening each director from 
the previous one by a fixed amount, but yagis 
are often constructed in this manner, so the 
same reasoning might apply to a quad. 

input impedance 
Couple the antennascope or rf bridge to 

the G D O , and couple the output of the rf 
bridge to the driven element. Set the G D O 
at the desired frequency, and tune for a mini-
mum dip on the rf bridge. Next, read the 
input impedance on the rf bridge. A curve 
may be plotted, if desired, of frequency 
versus input impedance. It will give you a 
good idea on how flat the line really is. Re-
member, loose coupling is used in all mea-
surements in order not to affect accuracy 
due to oscillator pull. 

The coupling line between the rf bridge 
and the driven element should be as short 

as possible, not more than six inches to a 
foot, and should be coax cable of the same 
impedance used to feed the quad. Also the 
reflector and director must be in place, and 
connected, for these readings. The quad 
should be in exactly the same condition as 
it will be when used, except for height above 
the ground. 

front-to-back ratio 
Raise the quad in a vertical position above 

ground and as high as possible. You must 

still be able to reach the reflector coils, or 

the stub, whichever is used. Next, energize 

the quad at the resonant frequency. Point 

the quad away from where the measurements 

will be taken. This may be either a cooper-

ating amateur a few blocks away, or your 

own receiver a few blocks away, or a field 

strength meter a few wavelengths away. 

Now, adjust the stub or the coils (number 

of turns) until a minimum reading is obtained 

on the receiver or field strength meter. Mea-

sure the reflector frequency again, and if it 

isn't within 3 to 5 percent range there is 

something wrong with your measurements 

or your method of measuring. 

standing wave ratio 
In all cases, when using an swr bridge, 

first set the bridge "wide open," or at its 
most sensitive point. Then feed in just 
enough rf to get a full scale reading in the 
forward direction. Next, reverse the bridge, 
and read the swr. It's not necessary to hoist 
the quad in place to make these measure-
ments. Quads have no open ends and thus 
are quite insensitive to nearby objects. 

If the swr bridges were perfect, it wouldn't 
matter whether the bridge operated at the 
full-power output of the transmitter or at 
very much reduced power. Measuring in-
struments are not perfect of course, hence 
their limitations must be taken into account. 
Remember, too, that when the swr bridge is 
set to read reflected power, it also reads a 
small fraction of the incident power, and 
any stray coupling will affect the accuracy of 
the reading. Also note that the true swr will 
always be lower, but never higher, than the 
instrument indicates. 

A theoretically perfect swr bridge would 
read the same regardless of the amount of 
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power fed to it. In a way, therefore, the 
difference between the full-power reading 
and the reduced-power reading is somewhat 
of a test for the quality of the bridge assum-
ing that no power is leaking to the reverse 
diode. 

Now, let's assume that the actual mis-
match is 2:1 between the feed line and the 
antenna. This is the maximum you can read 
on the bridge regardless of where you in-
sert the bridge into the line. If there is in 
fact a mismatch, you'll obtain a different 
reading everywhere along the line. If the true 
input impedance is 50 ohms, then if you 
measure one-half wavelength from the input 
point, taking the coax propagation factor 
into consideration, the measured impedance 
wiil be 50 ohms. 

At one-quarter wavelength from the input 
point the measurement would be either 25 
or 100 ohms, depending upon whether or 
not the quad input impedance was higher 
or lower than that of the cable. However, at 
exactly one-half wavelength from the feed 
point, it would be immaterial what cable 
impedance were used as long as the propa-
gation factor is accounted for in measuring 
the one-half wavelength. 

The reason for this is that the reflected 
voltage, traveling back along the line from 
load to source, meets the incident voltage. 
If these voltages meet at multiples of one-
half electrical wavelength on the line, the 
voltages will add, because at that instant they 
will be exactly in phase. It is possible, with 
certain line lengths, to get a reading of 1:1 
when the actual swr is considerably greater 
than this. The only way to be sure is to use 
several different line lengths of the same 
cable, and if the swr comes out approxi-
mately the same, then you're reasonably 
sure that the swr is being read correctly. With 
a perfect match the swr will be 1:1 regard-
less of where the meter is placed. 

optimum element spacing 
According to reference 1, the optimum 

gain occurs in a quad with 0.125-wavelength 

spacing between driven element and reflec-

tor. If the spacing is increased to 0.25 wave-

length the gain falls off about one dB, There 

is an infinite number of spacings that may be 

used on any beam, but I found that 0.125 
wavelength between reflector and driven ele-
ment is indeed optimum. (The input imped-
ance is about 50 ohms as well.) I also found 
that a 0.1-wavelength spacing between driven 
element and director, or directors, leaves 
little to be desired. 

It's true that many successful quad users 
space the elements at considerably greater 
distances with possibly some advantages. But 
from a practical standpoint, spacings as in-
dicated above have many advantages also, 
such as a reasonable size structure that can 
be rotated with a rotator of moderate 
strength, and one that can be put on a 
tower of the ordinary ham variety. 

To obtain the excellent performance of a 
multielement quad (unless you want to use a 
boom of 25 to 50 feet), spacings of the order 
of 0.125 wavelength between driven element 
and reflector, and 0.1 wavelength between 
driven element and directors, are quite in 
order,2""5 

references 

1. Wil l iam I. Orr, W6SAI, "Quad Antennas," Radio 
Publications, Inc., Wilton, Connecticut, 1959. 

2. J. E. Lindsay, Jr., W 0 H T H , "Quads and Yagis ," 
QST, May, 196B, p. 77. 
3. L. W. VanSlyck, W4YM, " H o w Come?" 73, Feb-
ruary, 1968, p. 14. 

ham radio 

Sir! Do you realize that you are interfering 
with TV reception in this area? 
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Probably the easiest way to operate on two 
meters is to buy a "Two'er," select a crystal 
for the emergency frequency, then hope 
someone in the nearest large city will hear 
you. Well, with a good beam you might be 
heard; then again, if band conditions are poor 
—forget it. 

I tried to buy a linear for my Two'er that 
would up the output at least ten times, i.e., 
to 30 watts nominal. None was available that 
would preserve the audio quality Heath is 
known for and still provide a respectable 
signal in the nearest town (which is some 83 
miles way) with anybody on two. 

Obviously, to get the most from the audio 
in the Two'er, AB t operation is a must. So I 
built such a linear using a 7984 pentode with 
series-tuned input, ferrite choke loading in-
stead of resistor swamping and a toroidal-
tank output. It gave the needed punch, and 
now I'm heard every day even with 20-dB 
tropo fadeouts, if the guys on the other end 
are using at least one Nuvistor ahead of their 
receivers. The circuit described is a refine-
ment of an earlier amplifier using a novel in-
put system that puts the power where it's 
needed. 
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CRL - 853 
FINAL AMP 20 

fig. 1. Schematic of novel two-meter linear amplifier. Although only one power transformer is shown here, the 
author used several small transformers to obtain the required voltages and currents. 

development 
Some of the problems I encountered in-

volved the old TVI hangup. Living in a deep 
vhf TV fringe area, it's impossible to operate 
even class B on two meters. An exception 
might be a rig with a c!ass-B single-balanced 
modulator with very little carrier—but even 
then some TVI would be a problem. In my 
case, however, uhf TV reception in Lexington 
is so popular that a dsb rig with a kW PEP 
final is feasible, but only because people 
hereabouts switch from vhf fringe channels 
to local uhf TV. Of course, anything like 
class C is "verboten." 

I had a surplus of 125-V, 50-mA power 
transformers and several E. F. Johnson vari-
able " M " capacitors. Most of the hardware 
was scrounged from other projects that never 

got off the runway. This included two UG-
1094/U BNC connectors, 1000 PIV rectifiers 
rated at 750 mA and a Bud CU-622 Converta-
box for the chassis. 

Having built the linear "a la haywire" six 
months before, I tossed out the phenolic 
Compactron socket for a new mica-filled one, 
doubled the number of transformers, and 
used a newer Convertabox. Everything at last 
fit well , and most of the hole centers were 
eyeballed-in using a steel scriber and fierce 
concentration on a 10c plastic pocket ruler. 
Everyone around Lexington said my old 7984 
bomb was loud, but the newer version was 
even better, and no one at either time could 
hear and see me! 

Except for the parallel-tuned toroid output, 
over-all design of the two-meter linear is 
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straightforward, and the series input circuit 
is conventional except as noted below. If de-
sired, ceramic coil forms could be used and 
a physically "linear" quarter-wave line in-
serted in place of the IRN-9 toroids; but tor-
oids keep the circuits small, and more power 
is coupled into the coaxial output and not 
into the wiring. 

I tried a high-Q quarter-wave line and got 
less out. There is a limit, though, to the use 
of toroids on two meters. After trying un-
successfully to get more than 25 watts mea-
sured output from a high-power PL-I77WA 
amplifier, I have bowed a bit to the conserva-
tive by observing that a practical limit (tube 
dissipation basis) is 35 watts for ICAS operat-
ing conditions. This is all that seems worth-
while for ABj with the 7894. I did heat up 
some larger cores quite a bit, using the PL-
177VVA, but this lube is 40 watts "larger." 

A new circuit feature is claimed here. As 
you read on you will notice that a grid-load-
ing control is provided, saving lost watts in 
the output by peaking the control grid with-
out a swamping resistor. This is really the 
most important part of what I have to say 
under "development," because by removing 
that swamping resistor and loading the grid 
only lightly you get very high efficiency in 
AB, and drive high enough to push the 7984 
to its limit without an insertion amplifier. 

In fact, before I acciclently found that series 
tuning would give an rf voltage peak of the 
correct impedance at the control grid, I 
thought an amplifier would be necessary. 
Not so! But don't forget the trick is to center-

Under chassis construction; 
chassis is a Bud Convorta-
box. 

tap the series inductance and load with 
a Ferroxcube VK-200-10/3B semiconductor 
low-z ferrile choke.* 

layout 
Looking at the photo, from left to right we 

see the input connector, 30M11 input capac-
itor and the slug-tuned grid-loading induc-
tance coil form. Next is the blower and 7984. 
lust to the right is the output BNC connector, 
output tuning and bias pot. The rest of the 
controls are as labeled. 

The underchassis view shows the input 
tuning control; rear, Ferroxcube choke and 
series inductance, shield partition and heavy-
duty ceramic coupling capacitors (the only 
kind that would handle the circulating cur-
rent) and trifilar output tank circuit wound 
on two Permacor 3/8-inch IRN-9 sample to-
roids.** The rf components occupy only a 

fig. 2. Input circuit used in the linear. 
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small fraction of the chassis space. The rest 
of the chassis is used for the voltage-doubling 
power supply and bias-multiplier filters. 

A series-limited neon lamp is used as the 
pilot and is held with a large Tinnerman 
speednut. The on/off switch is special in that 
it mounts in a 3/8-inch hole and not in the 
usual 7/16-inch or larger hole, which saves 
buying a punch for just this size. 

• Order irom Mr. R, Worban, Ferroxcube Corporation 
of America, 360 C. North Avenue, Northlake, Illinois 
Ml IM. 11c eath plus shipping. 

"Perm,nor Division oi Radio Cores, 95-10 South Tulley 
Avenue, O j k l.nvn, Illinois 60453; Number 57-6075 
IRN-Q matfii.il. 
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Button bypassing is used on both screen 
leads and also for plate circuit decoupling. 
These 240-pF buttons were salvaged from a 
surplus ARC-3. The plate choke is 2.7 jtH, 
chosen for a cutoff of 149 MHz, with prefer-
ence for the higher reactance obtained using 
the Miller chokes as opposed to the Ferrox-
cube. Remember that the VK-200 series are 
lossy when used with vacuum tube circuits 
for other than this application in swamping 
the grid. Their use in transistor circuits is a 
notable exception, where impedances are 
very low. Twenty pF was the value chosen 
for plate coupling, since two of these will 

a value equal to the input capacity of the 
7984 plus strays. The ferrite choke takes the 
place of, say, a 220-ohm resistor and is more 
efficient when placed at the center of the 
series coil than at the grid proper. By using 
this approach a pole, or impedance maximum, 
is present with the tuning peak, and coupling 
is optimized by varying the inductor slug. 
Reactance is tuned out by the variable ca-
pacitor. 

Fig. 2 is a drawing of the input circuit re-
ferred to above. Series tuning by the M ca-
pacitor is like moving up and down the VK 
200-10/3B choke (made of the popular "bead" 

fig. 3. Different input 
circuits discussed in the 
text: inductive division 
in A, capacitive division 
in B. 
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have a series-resonant mode near the two-
meter band. 

Incidentally, I tried to use "dog-bone" ca-
pacitors and disc ceramics with no luck. They 
all burned up. When I switched from these 
to the more expensive ceramics I used pins 
3 and 4 of the 7984 because they carry the 
bulk of the rf load. Pin 5 is fine for dc 
coupling. 

the circuit 
Fig. 1 shows the voltage-doubler power 

supply. Screen regulation is considered a 
myth for ABX operation using a pentode of 
such excellent structure for rf. If the plate 
voltage should get out of hand, so will the 
screen voltage, tending to reduce the plate 
current; also there's a bleeder and voltage 
divider using a 20k/10W resistor from screen 
to ground. 

The input circuit is capacity coupled using 

material) from center position as resonance 
is achieved. That is, inductive division, like 
capacitive division, (to quote RCA1) feeds the 
right voltage and current at two-meter rf 
frequencies to match the input admittance 
and susceptance of the high-C 7984. Fig. 3 
shows both tubes. Capacitive effects are rep-
resented by C l n (fig. 3a), with bead choke 
resistance swamping. 

If you'll also look further into the RCA 
Transmitting Tube Manual, you'll notice they 
use only center-tapped series-tuned circuits 
for vhf since strays have already limited that 
fraction of the input which can be capaci-
tively divided, and varying the slug of the 
coil form is the best way to optimize an input 
circuit like this. 

Other arrangements are shown for high-C 
input vhf tubes (fig. 3B). In general, use at 
least one and one-half times the input capac-
ity of the tube for the series variable, and 
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always center tap the inductance. Also, use 

permeable cores in the form instead of the 

brass slug type, unless extreme bandwidth, 

lowered Q and extra power are available. Use 

of s o l e n o i d - w o u n d rf chokes for c lass -C 

and -B operat ion is r e c o m m e n d e d , but use 

ferrite for linears that don't draw grid current. 

operation 
I used this l inear for over a year without a 

blower, and have never had diff iculty with 

it. It has a measured output of 12 watts (with 

a new 7984) in A B 1 ( and wil l go to AB.j if the 

bias is set loo low. {You can tell by l istening 

for distortion in the monitor.) For A B t as op-

posed to class C , where the input p o w e r is 

specif ied, I chose plate dissipation as a m o r e 

accurate g a u g e for rating, times the b o o k 

value for theoretical eff ic iency, i.e., 3 3 % of 

a m a x i m u m rating of 35 watts dissipation, 

w h i c h w o u l d be about 12 watts output. 

O n the air I say "50 watts," and this can 

be measured as input in the usual manner. 

My goal is 2000 watts d c input to two 

4CX1000's in A B j . T h o u g h of quest ionable 

legality, this w o u l d give no more than 660 

watts output, like the c lass -C boys, with vir-

tually no T V I . 

references 
1. "RCA Receiving Tube Manual." 1%6 edition, page 
54. 

ham radio 

"My transceiver is over horo. 
That's just my tasting equipment.' 

NOISE BLANKER 
FOR THE SWAN 250 

Westcom Engineering is now offering the T N B 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Noise Blanker effectively sup-
p r e s s e s noise g e n e r a t e d by auto i g n i t i o n s , 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 

Features Include modern solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-2S0 shown Installed on Swan 250 by means 
of the pre-punched accessory holes. 
TNB-250 $29.95 ppd. 
(Priced well below that of a VOX accessory. 
Can you afford not have one?) 
Model T N B Noise Blanker, designed to operate 
with V H F converters by connecting In the coax 
between converter and receiver. 

NOISE BLANKER 
WESTCOM 

Choice of 12-18, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 40, 20, 
or 10 meter converter output. 
Model T N B $29.95 ppd. 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For fast Air 
Mail add $.80) C.O.D. orders accepted with 
$5.00 deposit. California residents add sales 
tax. 

All products are warranted lor one year and 
offered on a satisfaction guaranteed or return 
basis. 

WESTCOM 
E N G I N E E R I N G C O M P A N Y 

P. O. Box 1504 San Diego, Cal. 92112 

january 1969 g j j 51 



.repair 
bench 

more ohmmeter 
troubleshooting 

Last month, I explained how to use your 
ohmmeter for safe troubleshooting. Before 
I ran out of space, I reviewed series and 
parallel paths and also told you how to get 
accurate readings on your ohmmeter. 

I hope you learned to recognize the "odd" 
series-parallel paths I described. When 
you're tracking down a fault in some receiver 
or transmitter, how easy it is for you depends 
on how well you spot the resistance paths 
that aren't always obvious. This month, I'll 
start off by telling where you might find some 
of those paths. 

hidden resistance paths 
There are two small parts most likely to 

cause false ohmmeter readings: electrolytic 
capacitors and transistors. Electrolytics are 
part of all power supplies and are used for 
decoupling along dc supply lines. In either 
use, they often get in the way of ohmmeter 
tests. Transistors foul up ohmmeter readings 
because of their "diode" nature. To make 
matters worse in transistor equipment, many 
coupling capacitors are electrolytic. They mix 
their leakage currents with the transistor 

leakage currents, and you can drive yourself 
nuts sorting out the true paths. 

Fortunately, these two paths follow known 
behavior patterns. If you know the patterns, 
you can figure out if you're being misled. 
Here are some of them. 

1. In power-supply paths. The leakage re-
sistance of most electrolytic capacitors is 
nearly 50k. Learn to allow for it when you're 
checking resistances along B-plus lines. The 
diagram in fig. 1 shows power-supply paths 
in one receiver schematic (simplified, of 
course). 

Suppose you clipped the common lead of 
your ohmmeter to ground and the test lead 
to the plate of V4. Since there is no apparent 
path to ground, you might expect to read 
an open circuit, or infinity. Instead, you read 
around 600k. As you can guess, the ohmme-
ter is reading the resistance of R13 plus the 
leakage resistance of the power-supply 
capacitors. 

2. Allow for diode action. Suppose the 
reading from the plate of V4 to ground is 
almost exactly 470k. What does that mean? 
Maybe a short in one of the electrolytics? To 
check, you move the test lead to the junction 
of R3-C4. A very low resistance there seems 
to mean there's a shorted electrolytic. 

But before you jump to a false conclusion, 
reverse the test leads: put the common lead 
on the R3-C4 junction and the other (red) 
lead to ground. The low reading disappears! 
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It's confusing, isn't it? 
What happens is that the voltage of the 

ohmmeter battery causes the rectifier diodes 
to conduct and give the low reading. When-
ever the negative side of the ohmmeter bat-
tery (sometimes, but not always, the red test 
lead) is touched to the cathode end of the 
rectifier, the ohmmeter reads the diode's for-
ward resistance (which is low). An ohmmeter 
thus connected from R3-C4 to ground might 
read through R1-R2-R3 and the diode. Con-

The pnp transistor is wired up as a mixer. 
Suppose you connect your ohmmeter across 
R1 to measure it. Instead of the expected 
4.7k, you read about 1k and figure R1 is bad. 
However, if you reverse the ohmmeter leads, 
you measure 4.7k. How come? 

The base-emitter junction of a pnp tran-
sistor is forward-biased when the base is 
negative and the emitter is positive. If you 
connect the test leads the wrong way, the 
ohmmeter reading includes the base-emitter 

fig. 1. Power-supply from a popular receiver. It's simplified, to make tracing easy. If you must troubleshoot 
such a set, you can draw a simplified diagram like this to help you "see" the circuit branches. 

nected to the plate of V4, the same ohm-
meter might read 470k almost exactly, since 
the 1k (approximate) resistance of the R1-R2-
R3-diode path is tiny by comparison. In either 
case, reversing the test leads eliminates the 
false path. 

3. Consider transistor leakage. A form of 
diode action takes place in transistors. That is, 
the ohmmeter battery can forward-bias a 
transistor junction and make it draw current. 
The ohmmeter then reads the junction re-
sistance as wel l as whatever circuit-path re-
sistance you're measuring. There's an ex-
ample in fig. 2. 

resistance (100 ohms or so). It is in series with 
R3, and both are in parallel with R1. The re-
sult: a wrong measurement. 

How about when you measure R2? There 
should be no diode action between base and 
collector. What would you think, then, if you 
tried measuring R2 and got a 40k reading? 
Another hidden path is probably the cause. 
Fig. 2B shows the possible cause: leakage 
through the power-supply electrolytic capac-
itor (which may not even be drawn at that 
location on the schematic). The path 
through R4, the capacitor's leakage, and R1 
iowers the resistance read by an ohmmeter 
connected across R2. You can thus get an 
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erroneous reading, even if the transistor is 

normal. 
A significant clue, though it might fool you, 

is the fact that reversing the ohmmeter leads 
in this case doesn't change the reading. The 
trouble is therefore not diode action. 

4. Watch out for paths drawn elsewhere. 
The path just described is a common ex-
ample. There are others harder to spot. One 
is shown in fig. 3. 

The situation in fig. 3A is apt to be over-
looked in tube circuits. The trouble is that 
schematics show only the common power-
supply connections. If there happens to be 
a ground path somewhere else on the 
schematic, you can get a low ohmmeter read-
ing you can't account for. 

In fig. 3A, for example, if you measure 
from the plate of VI to ground, the voltage-
divider network in the screen circuit of V9— 
which may be drawn at the other end of the 
diagram—causes an incorrect reading. (It 
should be infinity.) Even if you disconnect 
the power-supply capacitor, the too-low 
reading persists. The equivalent circuit is re-
drawn in fig. 3B to show how the circuit looks 
to the ohmmeter. (R9 has no effect, since it 
does not go to ground.) 

You'll run into this voltage-divider situa-
tion more often in transistor sets than in tube 
equipment. Base-bias and emitter-bias divid-
ers are standard practice. They cause trouble 
only when they are in parallel with each 
other but are widely separated on the 
schematic. 

5. Something else to watch for in transistor 
circuits is shown in fig. 4. This one can fool 
you for several reasons. First, there is the 
diode action of the base-emitter junction. 
Second, there are parallel paths created by 
the power-supply electrolytic (not shown, as 
usual). Third, the parallel path depends on 
where you connect the ohmmeter. 

The four rearrangements of the circuit 
show what the ohmmeter "sees" as it is con-
nected between ground and each of the four 
points: A, B, C, and D. Anytime you have 
trouble figuring out paths, redraw them the 
way I have these. 

From A, the ohmmeter should measure 
either about 850 ohms or about 4.6k. The 

diode is the reason for the alternative. One 
way, the ohmmeter makes the diode conduct 
and measures its forward resistance plus R.4; 
the other way, it reads only the resistance of 
R1, since the diode can't conduct. The re-
sistances of R1, R2, and R3 are comparatively 
so high, they have little effect even though 
they are in parallel. 

From B, the ohmmeter should measure 
about 35k. The diode shows little effect, be-
cause R1 and R4 are relatively small com-
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fig. 2. Hidden parallel paths in a transistor circuit. 

pared to R2. The ohmmeter therefore reads 
about the same either way. The 68k-72k is in 
parallel with the (approximate) 77k. 

From C, there are several considerations. 
First of all, you don't have to worry about 
the effects of R2, R3, and the power-supply 
electrolytic. They are so much larger than R1 
that the 4.7k is the only resistance that can 
affect that leg of the circuit. The diode action 
of the base-emitter junction is important, 
though. Connected one way, the ohmmeter 
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reads only the 820 ohms of R4. Connected 
the other, it reads slightly less because diode 
action puts R1 in parallel; around 750 ohms 
seems about right. 

From D, the ohmmeter mainly reads the 
value of leakage in the power-supply elec-
trolytic—about 30k. The much higher values 
of R2 and R3 isolate any action of the base-
emitter junction, or the effects of R4 or R1. 
The condition of the electrolytic determines 
exactly what the ohmmeter reads. 

3. If you're still looking for the reason for 
a low reading, see if you can find any other 
parallel paths drawn elsewhere on the 
schematic diagram. If you don't find any, 
you are probably on the trail of the fault. 

what to do about parallel paths 
There are times when it's faster and easier 

to eliminate the effects of parallel paths or 

to get around their effects some way. Once 

you spot a wrong reading, track down the 

fig. 3. Sometimes a 
parallel path is hid-
den by the way the 
schematic is drawn. 

1 
HI 

100k 

300V 

knowing the cause of wrong 
readings 

These general descriptions of where to 

look for "hidden" parallel paths also sug-

gest ways to deal with them. When your 

ohmmeter readings are different from what 

the schematic leads you to expect, here are 

some quick steps to run down the cause. 

1. If a reading is low, reverse the ohm-
meter leads. If the reading increases, there's 
diode action in the circuit, which may be 
caused by a diode, a power-supply rectifier, 
or a transistor. In unusual cases, slight dif-
ferences may be traced to electrolytic capac-
itors that don't "form" under reverse polarity. 

2. If an ohmmeter reading starts low and 
builds up slowly, an electrolytic capacitor is 
causing it. This is the normal charging action 
of the electrolytic. Reversing the ohmmeter 
leads gives a lower reading, which builds back 
up again to the higher one. The reading is 
anywhere from 25k to 50k, depending on the 
condition of the electrolyte in the capacitor. 
The charging action is what you watch for. 

m 

guilty parallel component. You can't always 
figure it out from Ohm's law, either. 

One of my first suggestions is: Don't make 
resistance measurements with respect to 
ground. Don't clip the common lead of your 
ohmmeter to ground. Make each measure-
ment between specific points in the circuit. 

As an example, think about a circuit like 
the one in fig. 1. You can clip the common 
ohmmeter lead at the junction of R2-R3, and 
measure the branches through R9, R11, R4, 
etc., directly. That way, you eliminate any 
effects from power-supply electrolytics. To 
measure in the branch that starts through R5, 
you can clip the common lead at the junction 
of R5-R1 and eliminate any diode-action 
problem with the rectifiers. 
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And so on. By making point-to-point meas-
urements, you don't have nearly so many 
parallel paths to consider. Also, as you move 
the main test lead on out a branch, it's easier 
to figure out the effects of added circuit re-
sistances. Analysis is much simpler. 

My second suggestion is to disconnect un-
wanted parallel paths when they get in your 
way. This happens seldom, if you plan your 
point-to-point measurements. But when it 
does happen, it's usually simple to unsolder 

and test each part in the circuit—one at a 
time. It takes time, but if you've done your 
preliminary testing right, there aren't too 
many parts to test. At least you'll have nar-
rowed the trouble down to one small sec-
tion of the circuit. 

in dangerous circuits . . . 
the safe way 

I brought up resistance measurements in 
the first place to explain how to trouble-

rh 

fig. 4. How the circuits "look" to the ohmmeter 
depends on where it is connected in the circuit. 

a parallel component or branch. 
On printed-circuit boards, you can often 

unsolder just one lead. Or, use a single-edge 
razor blade to slit across the foil and dis-
connect a circuit branch; that's easily re-
stored afterward by a solder "bridge" across 
the tiny slit. 

My third suggestion is to putl a tube or 
transistor out of its socket if you think it's 
fouling up your attempts to interpret resis-
tance readings. Transistors that are soldered 
into their printed-circuit boards aren't that 
simple, yet can be handled without much 
trouble. Just unsolder the base connection (or 
slit the foil as already described). 

In a circuit that contains a FET (field-effect 
transistor), unsolder the gate connection and 
the source connection. You can get low-
resistance readings through some FET chan-
nels, even when the gate is disconnected. 

My fourth suggestion for dealing with 
parallel paths is a last resort. When you can't 
analyze a circuit any other way, disconnect 

BlOsx 

shoot transmitters without exposing yourself 
to dangerous high voltages. Hunting a fault 
in the "live" plate circuit of an ssb linear can 
be a real pain in the neck. You need a special 
meter to measure high voltage, and usually 
you can't even reach test points without 
cheating a bunch of interlocks. There may be 
an overcurrent relay, too, or an undercurrent 
relay. In other words, the practical way to 
troubleshoot is with the transmitter or linear 
completely disconnected from power, and 
opened up. For that, you need ohmmeter 
measurements. 

The plate circuit of a commercial linear 
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amplifier is shown in fig. 5. Mainly, you check 
for continuity. However, you can disconnect 
the power-supply lead and make measure-
ments between ground and points in the 
circuit. 

If an interlock switch isn't working, your 
measurements show it. The normally open 
(n,o.) switch is there to short out high voltage 
across the capacitors when you open the 
transmitter compartment. At the same time, 
the normally closed (n.c.) interlock switch 
removes applied voltage. Start your tests with 
power disconnected and the interlocks 
pushed in the way they would be with the 
compartment closed. 

If everything's normal, you should get a 
low resistance reading from the plate cap of 
either tube to the clip that connected to the 
power-supply terminal. Check the opening 
and closing of the overcurrent relay with 
your finger. An open choke, tuning tank coil, 
relay contact, relay coil, n.c. interlock, or 
metering resistor (R1) spoils continuity, but 
each one is easy to track down. Just clip your 
common ohmmeter lead to the power-supply 
clip, and work your way to the tube plate-
caps with the other test lead. 

A shorted or leaky by-pass capacitor (CI , 
C2, C4) shows up when you connect your 
ohmmeter, set for its highest megohms range, 
between the plate-cap and ground. Be sure 
the PA current meter is not connected; it 
could be an unseen parallel path. Disconnect 
the power-supply clip, too, for the same 
reason. Set the ohmmeter to its lowest range 
to test the n.o. interlock switch; it should 
read zero ohms to ground when the cover 
is off the transmitter high-voltage compart-
ment and infinity with the cover in place. 

In high-voltage circuits, especially the ones 
that carry high-energy rf, certain troubles 
only show up when the circuit is energized. 
For example, capacitor C2 or C1 might break 
down under high-voltage stress, yet test okay 
by the ohmmeter. The only sure test is to 
remove it from the circuit and substitute 
another one. This is costly, though, when the 
capacitor is an expensive one, such as a bath-
tub type. For these unusual cases, there are 
some special tests I'll talk about in a future 
column. You can make these tests without 
working inside the "live" transmitter or linear 
amp. 

individual parts tests 
As a wrapup for this two-month coverage 

of ohmmeter tests, here are some parts tests. 
Usually, these tests are made with the part 
disconnected from its circuit. When other 
tests and resistance readings point to a par-
ticular part, the final test is of the part itself. 
The following tests are quick and dependable. 

Test resistors and potentiometers by mea-
suring their resistance. For potentiometers, 
also check how smoothly the resistance 
changes. Connect your ohmmeter between 
one end lug and the center lug, and turn the 
control shaft slowly; any unusual or sudden 
resistance change means you need a new 
control. 

Test ordinary capacitors by measuring with 
the highest range on your ohmmeter. There 
should be absolutely no leakage (infinite re-
sistance). Touch the two capacitor leads to-
gether for a moment before applying the 
ohmmeter. Capacitors above 0.01 -f̂ F show a 
slight charging "kick" of the ohmmeter point-
er. Those that don't are probably open. A 
shorted capacitor reads zero ohms between 
the two leads. 

Test electrolytic capacitors by applying the 
ohmmeter leads in first one direction and 
then the other. Settle for the connection that 
gives the highest reading. It should exceed 
30k, but not go beyond 60k or so. If it's too 
low, the capacitor is leaky. If it's too high, the 
capacitor is becoming ineffective. Notice how 
long it takes to "build up" to the highest 
ohmmeter reading. If it takes more than 3 or 
4 seconds, the capacitor needs replacing. 

There are three tests for coils and trans* 
formers. Test them first for continuity of 
windings. The schematic diagram may list 
the dc resistance of each winding; if some 
turns are shorted, the reading will be much 
too low. If a winding is open, the ohmmeter 
shows nothing. 

Test coils and transformers second for 
leakage between windings. Use the highest 
ohmmeter range. Even several megohms—an 
awfully high resistance—is no good between 
transformer windings; they should be totally 
isolated (infinite resistance). 

Test coils and transformers third for leak-
age from windings to ground. With the trans-
former mounted as usual but with all its leads 
disconnected, clip one ohmmeter lead to 
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ground arid touch the other to each winding 
lead. There should be infinite resistance, since 
each winding should be totally isolated from 
the frame of the coil or transformer. If you 
think maybe the coil frame isn't grounded, 
clip one ohmmeter lead to the frame and 
touch the other to each winding. There 
should still be no reading. A reading other 
than infinity indicates leakage. 

Test a relay by checking its coil the same 

makes speakers and headsets "pop." The 
ohmmeter pointer should show very low re-
sistance for speakers and a few hundred 
ohms for headsets. 

Test microphones in one of three ways, de-
pending on type. For carbon microphones, 
connect the ohmmeter across the element 
leads and whistle into the mike. The reading 
should vary with each whistle. If it stays 
steady, the granules are packed and the ele-

fig. S. High-voltage 
circuits are where re-
sistance troubleshoot-
ing serves best be-
cause dangerous volt-
ages are gone. 

way you test a transformer winding. Check 
the coil for continuity; if you know the dc 
resistance, measure it. If the ohmmeter reads 
infinity, the relay coil is open. Then check the 
relay contacts, with the Rx1 ohmmeter range. 
Normally closed contacts should measure 
zero ohms when the relay is at rest; at the 
same time, normally open contacts should 
measure infinity. Push the armature in with 
your finger. The normally open contacts 
should measure zero ohms that way, and the 
normally closed contacts should measure 
open (infinite resistance). 

Test speakers and headsets by measuring 
them with the Rxl ohmmeter range. Listen 
as you make the ohmmeter connection; the 
voltage of the ohmmeter battery usually 

ment needs replacing. If the ohmmeter reads 
infinity, the mike cord is probably open, or 
the element is making poor contact. 

For dynamic microphones, the exact re-
sistance depends on the impedance of the 
mike. However, there should be some sort 
of reading, even if an input transformer is 
used inside the mike. Also, if you listen, 
there is usually a "pop" in a dynamic mike 
when you connect or disconnect the ohm-
meter. 

For ceramic microphones, the easiest test is 
to connect the ohmmeter and listen for a 
slight "cl ick." The ohmmeter shows a resist-
ance reading only if the mike is defective; a 
good ceramic or crystal mike reads infinity 
resistance. 
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Finally, connect the ohmmeter across the 
push-to-talk leads, and operate the button on 
the mike; a zero-ohms reading when the but-
ton is held means the p-t-t contacts and wires 
are okay. 

Test diodes by measuring them first one 
way and then the other. A diode should mea-
sure low resistance in one direction and high 
resistance in the other; if the two readings are 
closer together than 100-to-1, the diode is 
probably bad. Power-supply rectifiers usually 
measure 100-200 ohms in the low-resistance 
direction; other types measure much lower. 

A conventional bipolar transistor should 
show high resistance between emitter and 
collector, no matter which way the ohmmeter 
is connected. Between the base and emitter, 
however, resistance should be low in one di-
rection and high in the other—just as in a 
double. If the base-emitter resistance is high 
in both directions, the transistor is open; if 
it's low in both directions, it's shorted. If re-
sistance between emitter and collector is 
lower than several thousand ohms in either 
direction, the transistor is probably useless. 

A field-effect transistor normally shows low 
resistance between drain and source—usual-
ly no matter which way the ohmmeter is 
connected. It should show extremely high 
resistance in one direction between gate and 
drain, and fairly high in the other direction. 
A MOSFET, sometimes known as an IGFET, 
should show infinite resistance between its 
gate and any other element, no matter which 
way the ohmmeter is connected. 

next month 
Everyone has his pet way to troubleshoot. 

In past repair bench columns, I've shown you 
several ways. You've read about signal trac-
ing, signal injection, and now resistance mea-
surement. 

The best commercial technicians use sev-
eral methods in various combinations that fit 
particular servicing problems. In my next 
column, I'll talk about one that is probably 
the most common: voltage testing. When a 
part goes bad, it usually upsets the dc op-
erating voltages in its circuit. Those voltage 
changes, if you know how to interpret them, 
are a valuable clue to what part is bad. Next 
month, you'll find out how. 

ham radio 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back I 
Now RCA Institutes Home Study Training has the 
F C C License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the F C C License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course—while de-
signed tor Commercial license qualification—con-
tains much of the new material called for by FCC 
Docket 15928—advanced and extra class you'll 
want to qualify tor before November of 1969. QRX 
until you get the information. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your F C C License. 

RCil 
RCA INSTITUTES, INC. 
Dept. HR-19 
320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. 

Name 
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propagation 

predictions for january 

Late reports that reached me in October in-
dicated that ionospheric critical frequencies 
were not much higher (about 10%) than 
predicted by ESSA. Peak values at Raratonga 
in the Cook Islands (latitude 21° S, longitude 
160° W) rose to almost 15 MHz, compared 
to about 20 MHz during the peak of previous 
cycles. Local midnight critical frequencies 
have been running as high as 12 MHz, how-
ever. On the West Coast, peak values of 
critical frequencies have been running as 
high as 11 MHz, again about 10% higher 
than predicted. 

We have reports of 50 MHz F2-layer open-
ings during the first half of October between 
Hawaii and the Marshall Islands, South 
America, Mexico, and even (weakly) the 
West Coast of the United States; also be-
tween Japan and the Marshall and Cook 
Islands. Transequatorial scatter propagation 
between Hawaii and the Cook Islands was an 
almost nightly occurrence. However, the 
big, strong signal F2-layer openings into 
temperate latitudes hoped for this fall have 
so far been absent. 

Quite a few six-meter operators have been 
missing a good bet by not running more 
nightime schedules with and listening for 
beacon stations in the southern hemisphere. 
I was pleasantly surprised during the latter 
part of September to hear ZKIAA's beacon 
station on 51.022 MHz three nights in a row 
between 11 PM and 1 AM local daylight 
time. He was weak, both here and in South-
em California at W6NLZ, but you'd never 
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have guessed that 51 MHz was open to the 
South Pacific by monitoring the low edge of 
the band. 

the active sun 
Let's continue our discussion of the sun, 

which last month stressed its stability. The 
sun rotates in the same direction as the 
earth. An observer at the north star would 
see both the sun and earth rotating in a 
counterclockwise direction as the earth re-
volves counterclockwise around the sun. 
Thus the solar surface rotates from our east 
to west. Since the axis of the sun is inclined 
7° to the ecliptic, we are able to see the 
sun's North pole only from June to De-
cember. 

The sun does not rotate as a solid body— 
the equatorial regions rotate faster (25-day 
period) than the polar regions (30-day peri-
od). It is this equatorial acceleration and 
the presence of a general magnetic field that 
is the cause of the solar cycle. The sun's 
general field penetrates the surface only in 
polar regions (greater than 55° latitude) and 
is called a poloidal field. The intensity of the 
poloidal field is about 1 gauss, compared to 
fields of 0.24 to 0.61 gauss observed on the 
surface of the earth. At solar latitudes less 
than 30°, the general magnetic field is con-
fined to a sheath of about 5% of the solar 
radius. At the equator, the general magnetic 
field is believed to have an intensity of about 
5 gauss. 

The motions of ionized media (plasma) 

60 gg january 1969 



are closely coupled with the magnetic and 
electric fields. Relative motion between a 
plasma and a magnetic field is inhibited since 
such motion would produce an electric field 
which would result in large current flow 
(since the plasma is an excellent conductor). 
Therefore, the plasma is forced to move 
along magnetic field lines; otherwise the 
magnetic field is dragged along with the 
plasma. 

The differential rotation wraps the sub-
photospheric field lines around the sun to 
form a toroidal field. The toroidal field 
strength continually rises as the field lines 

Sunspots are believed to develop in pores; 
a pore is a small (1000- to 2000-mile diam-
eter) moderately dark area which may occur 
anywhere ort the sun and has a normal life-
time of a few hours. Only pores within cen-
ters of activity develop into sunspots. The 
surrounding hotter plasma tends to flow into 
a pore, carrying its magnetic flux along and 
concentrating it. 

As the magnetic field strength grows, 
convection from lower hotter levels is de-
creased, the surface temperature drops, and 
the spot grows. At full development, the 
spot may be 20,000 miles or more across and 

fig. 1. Smoothed sunspot 
numbers with latitude of 
maximum occurence (the-
oretical). The south po-
loidal field reversed near 
date A, and the north po-
loidal field reversed near 
date B. 
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are stretched and crowded together like a 
rubber band that has been wound up tightly. 
When the magnetic field strength reaches a 
critical value of about 250 gauss, tubes of 
magnetic flux may "bubble up" through the 
photosphere to form bipolar magnetic re-
gions. It is in these "centers of activity" that 
sunspots, solar flares and filaments occur. 

sunspots 
Sunspots are visible as small dark areas on 

the solar disk. They appear dark because 
their temperature is only about 3000° K 
compared to 6000° K for most of the photo-
sphere. The low temperature is due to the 
presence of high magnetic fields (about 3000 
gauss) which inhibit convection. 

consists of a dark umbra surrounded by a 
penumbra with very fine radial filamentary 
structure. It may last from as short as a few 
days to as long as a hundred. 

The appearance and motion of sunspots, 
bipolar magnetic regions and other solar 
activity follow an eleven-year cycle, or, more 
properly, a twenty-two year cycle, since the 
magnetic fields reverse every eleven years. 

Sunspots tend to occur at high solar lati-
tudes early in the 11-year cycle and at low 
latitudes late in the cycle. The distribution 
of spot latitude vs age of the cycle follows 
a curve of 

1.5 
sin 0 = ± 

n + 3 
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where 0 is the latitude of maximum occur-
rence and n is the age of the cycle in years. 
This theoretical curve is plotted on fig. 1 
along with the observed Zurich smoothed 
sunspot numbers from April 1954 to Decem-
ber 1967 and ESSA predicted smoothed 
sunspot numbers through 1970. 

Over 84% of the sunspots occur in bipolar 
pairs. The preceding and following (with 
respect to solar rotation) spots have opposite 
magnetic polarity, and the preceding spot is 
closer to the equator. In the opposite hemi-
sphere, the magnetic polarity of preceding 
and following spots is reversed. The preced-
ing spot has the opposite polarity as the polar 
field in the same hemisphere at the begin-
ning of the cycle. This is consistent with the 
theory of spot development from the twist-
ing of the polar field due to equatorial ac-
celeration. 

The preceding spot is generally larger and 
has more magnetic fiux (by a ratio of 3:1) 
than the following spot. Sunspots rotate 
about their axes (which are tilted in the 
forward direction) in the direction of the 
Coriolis force* (counterclockwise in the 
Northern Hemisphere, clockwise in the 
Southern Hemisphere). In general, however, 

* Usually defined as a deflecting force acting on a 
body in motion (as an airplane or missile) due to 
the earth's rotation. In this case it refers to the force 
on a sunspot due to the sun's rotation. 

LOCAL TIME 

fig. 3, Maximum rang* to th« north duo to abtorp-
tion. 

the sunspots are calm magnetic lands in a 
sea of great turbulence that forms the rest 
of the bipolar magnetic region and (he whole 
of the solar disk by comparison. 

Sunspots are a secondary phenomenon 
since the bipolar magnetic region forms 
first; they themselves do not radiate in-
creased ultraviolet and x-ray emission that 
affects the earth's ionosphere. In fact, the 

62 g J J January 1969 



LOCAL TIME 

fig. 4. Maximum range to the northeast (top time 
scale) and to the northwest (lower time scale) due 
to absorption. 
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LOCAL TIME 

fig. 5. Maximum range to the east (top time scale) 
and to the west (lower time scale) due to absorption. 
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LOCAL TIME 

fig. 6. Maximum range to the southeast (top time 
scale) and to the southwest (lower time scale) due 
to absorption. 

LOCAL TIME 

Fig. 7. Maximum range to the south due to absorp-
tion. 
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total radiant energy output per unit area in 
a sunspot may be only a tenth of normal for 
the solar disc. 

Sunspot numbers** are by no means as 
accurate an index of solar activity as you 
might wish, since they are somewhat artificial 
in nature. For example, a large sunspot pair 
somewhere on the solar disk would result in 
a Wolf number 12; add an insignificant 
small spot somewhere else on the surface, 
and the Wolf number becomes 23, a jump 
of almost a factor of two. This artificial na-
ture of the sunspot numbers is one of the 
reasons for the poor correlation between 
monthly sunspot numbers and monthly aver-
age ionospheric critical frequencies. The 
answer is a better index of solar activity, 
such as the combined area of all the sun-
spots, or of bipolar magnetic regions, or 
(now that we have space probes) of the 
magnitude of the ionizing radiations that 
affect our ionosphere. 

metamorphosis 
The magnetic flux lines joining the two 

poles of a bipolar magnetic region may ex-
pand outwards to great distances in the 
corona—and may break away with the flow 
of plasma away from the sun. As the solar 
cycle progresses, the preceding regions of 
flux migrate towards the equator and neu-
tralize each other; the following regions of 
flux migrate towards the poles where they 
first neutralize the old poloidal field and 
then from a new poloidal field of reversed 
polarity. The energy for maintaining and 
concentrating the magnetic flux comes from 
the kinetic energy of differential rotation. 

The reversal of the poloidal field takes 
place near the maximum of the solar cycle, 
but strangely enough, both poles need not 
reverse simultaneously. At the peak of sun-
spot activity in the southern solar hemisphere 
in the middle of 1957, the southern poloidal 
field reversed, but the peak of sunspot ac-
tivity and reversal of the poloidal field in the 
Northern Hemisphere did not occur until the 
end of 1958. These reversals left the poloidal 
field of the sun parallel to that of the earth. 

** Sunspot numbers were discussed in detail in the 
November, 1968 issue of ham radio, page 72. 

O n e or both solar poloidal fields may have 
already reversed this year. 

propagation for january 
A time chart of predicted 4000-km F2-

iayer muf for January 1969 is given in fig. 2. 
Maximum range versus time of day charts 
for 160 to 20 meters are shown in fig. 3 to 7. 
The first half of January will be a repeat of 
December with conditions becoming more 
like those of November as the month pro-
gresses. It will be a great month for high-
frequency propagation in the Northern 
Hemisphere from frequencies as low as 1.8 
MHz at night to as high as 40 MHz during 
the day. 

The 50-MHz operator aspiring to W A C is 
now wishing that (in addition to a kilowatt, 
a big beam and hilltop location) the location 
was south of 30° latitude and that he had 
enough time to keep the band under con-
stant surveillance. With that, we offer a salute 
to those dedicated chaps who keep beacon 
stations running in Rhodesia, Mexico, Hawaii, 
the Cook Islands, Australia, and Japan. 
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Iantenna and rotator 
preventive maintenance 

Here's graphic proof 

that Ben Franklin's Advice 

about 

a pound of prevention 

is still true 
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Most amateurs agree that the antenna sys-
tem is the heart of any station. Much has 
been written on the emphasis that should 
be put on erecting the best possible radiating 
system to compete on the crowded bands. 
I'd like to add some footnotes to the anten-
na literature in the area of preventive main-
tenance. 

The initial investment in an antenna and 
rotator is substantial. How many times have 
you heard fellows say on the air, "Sorry, my 
antenna's stuck on Europe. Big storm passed 
through, and I haven't had a chance to go 
up the tower and fix the rotator." With a lit-
tle care and forethought, you can ensure re-
liable operation during the worst weather, 
even if you use the more inexpensive equip-
ment. 

The following notes explain how to avoid 
the disappointment and down time that can 
occur with stuck rotators and vibrating an-
tenna elements during the winter months. 

the antenna 
It's pretty discouraging to come home, an-

ticipating an evening of hamming, and find 
your pride and joy in bits and pieces all over 
the back yard. Beam antenna elements are 
usually made of aluminum alloy. Unless 
they're given the proper treatment, they just 
won't withstand the rigors of weather. Air-
frame manufacturers know this—aluminum 
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alloy is used extensively in this application. 
Where in the aircraft the aluminum is used 
determines the amount and type of treatment 
it's given before installation. 

Most amateurs don't have the facilities for 
giving aluminum the correct treatment for 
withstanding environmental effects. The 
treatment is quite involved and includes 
chemical and electro-chemical techniques. It 
is quite expensive, also, if used for small 
quantities of metal. 

One thing you can do, before hoisting 
your antenna to the top of your tower or 
mast, is give it several coats of zinc chromate 
paint. Put on as many coals as you can, and 
work it into every nook and cranny. For each 
coal of zinc chromate properly applied, you 
can count on at least six months of corrosion-
free operation. 

Now let's look at metal fatigue caused by 
vibration. 

Tic a small weight on the end of the 

(wine and drop it through the element. 

the ground after a storm. Those 
cracks radiating from the break are 
of crystalization. 

Hold the twine in place with 
a rubber foot, tennis ball or 
sponge rubber ball. 

hairline 
a result 

: v .1- •H-i 

taming the elements 
No pun is intended in the heading of this 

part of the story. Every lime your antenna 
sings in the wind, it's doing something other 
than playing a B-flat chord. Tiny cracks de-
velop in the metal. They get larger, and as 
the element ices up, the added weight loads 
the metal. Vibration causes the melal to 
crystalize with resulting fatigue. Take a close 
look at your tubing the next time it falls to 

vibration proofing 
All that's needed to dampen antenna ele-

ment vibration is some sisal twine and some-
thing with which to plug the ends. Measure 
the length of all your elements plus a little 
extra, say a toot or so. Drop the twine 
through each element, and secure the twine 
with rubber caps over the element ends. A 
tennis ball is good. It may look a little 
strange, but who cares what the neighbors 
think? It's solid enough to make a good seal 
and wil l hold the iwine securely. Make sure 
there's no moisture in the elements. The 
twine wil l dampen the vibration by chang-
ing the bending-mode frequency to some 
harmless low value. 

Another method is to pack the elements 
loosely with spun glasS. Wear gloves when 
handling this stuff, though, because it can 
be pretty treacherous. It can penetrate your 
skin and cause all sorts of agony. Your boom 
can be sealed with a sponge rubber ball a 
little larger in diameter than the boom. Use 
the Iwine treatment here, also, and pull it up 
lightly. It will help keep your beam on a 
straight course and ease your jangled nerves 
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when your hear the wind wailing at 3 a.m. 
I'd like to emphasize that the spun glass 
must be packed into the tubing loosely. If 
it's packed loo tightly you will zap the ele-
ment. 

Another way of damping element vibra-
tions is to fasten several rubber or plastic 
strips to the end of each element. Since the 
mechanical impedance of any rod-like ele-
ment is high at the free end, an energy ab-
sorber at the end of an element will reduce 
the amplitude of vibration and minimize 
breakage. The energy absorber can be made 
from a five- or six-inch length of garden 
hose, split lengthwise every 90° and held at 
the end of the element with a hose clamp. 
These simple energy absorbers are most 
effective if they are clamped at the very end 
of each element, but to prevent changes in 
element electrical length and impedance, 
they should be placed so the free ends are 
about two inches in from the ends of the 
elements. 

the rotator 
Lots of stories have made the rounds about 

whether TV antenna rotators are strong 

Rotator and reducer. The reducer is aluminum; targe 
end is 2-1/16" in diameter and small end is 1V>" 
diameter to (it inside mast. The holes running later-
ally were drilled through the mast to bolt the two 
together. Arrow points to one of four shoulders that 
may have to be filed off unless shims are used to 
center the reducer. 

enough to support amateur beams. The 
photos show my AR22 rotator, which was 
purchased, used, in 1963. At that time it had 
been in use for six monlhs, and I've been 
using it constantly since. The reason it's 

The top ol the AR22 with reducer in 
place. The ruler was zeroed on the cen-
ter. Right under the 1V>-inch mark you 
can see the end of one U-bolt as it ap-
peared with the rotor in the first direc-
tion; then i l was rotated 180° and the 
U-bolts show again. 

down now is because I'm installing a new 
tower and two stacked five-element Cush-
craft beams. 

Given half a chance, I find that the AR22 
rotator is very satisfactory. The secret is to 
eliminate the tremendous moment arm 
caused by a large mass of metal on a long 
lenglh of mast above the rotator. Add to this 
the simple fact, sometimes overlooked, that 
any rotator must be perfectly centered with 
rcspect to its mast. Unless the correct diam-
eter mast is bolted to the rotator, the eccen-
Iric relation will load the rotator bearings, 
and you've got problems. 

The AR22 manufacturer say that "l'/?-inch 
diameter pipe is correct. Maybe so, but I 
found this isn't true for my rotator. In my 
case, a diameter of two and one-sixteenth 
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inches is correct. I had a piece of aluminum 
stock lurried down to this size, then had it 
stepped down above the rotator clamps to 
slip inside a 1 '/3-inch mast. 

It may be necessary to file down the edges 

SV 

The hood or umbrella clamped on 
to the mast directly above the thrust 
bearing, which is out of sight and 
out of the weather; it's mounted on 
the plate welded to the tower cross-
sections. 

of the shoulders where the U-bolts come 
through to properly seat the aluminum re-
ducer. I didn't have to, (hough. 

The picture with the ruler has been pur-
posely double exposed to show that the re-
ducer is, in fact, centered in the rotator. I 
made the first exposure with the rotator 
pointed in one direction, then I turned it 
exactly 180 degrees and made the second 
exposure. Note that there's no visible devia-
tion at the end of the reducer. If there were, 
two distinct centers would show, and two 
outer edges would also show. 

the thrust bearing 
A thrust bearing located somewhere be-

tween the top of the rotator and the top of 
the tower lakes all the weight off the rotator. 

The only load on the rotator will then be 
turning torque, which is as it should be. 

If the thrust bearing is exposed to the 
weather, it's going to get loaded with snow 
and ice. (California amateurs can skip this 
part. However, does anyone know what smog 
does to aluminum?) I made a copper um-
brella to cover the thrust bearing, as shown 
in the photo. It slips onto the mast and is 
fastened with an ordinary automobile radia-
tor hose clamp. The same idea can be used 
al the lop of the lower where the mast en-
ters the tubing. 

Instead of a copper umbrella, you could 
wrap a piece of soft rubber around the mast 
and secure it with the same type of hose 
clamp. This will form a skirt to keep out the 
weather. Be sure the skirt flares at the bot-
tom, else it might gel loaded with ice and 
stick to the tower. If might help to lubricate 
the mast-skirt interface with low-temperature 
silicone to avoid this minor problem. 

ham radio 

those days before spark . . . 

"Yuh can't can't got thru a pileup like that . . . 

yuh gotta better chance out here on the edge." 
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amateur and swl receiver 

tunaverter squelch 

Tompkins Radio Products has just an-
nounced a new squelch control for noise-free 
monitoring on hf and vhf Tunaverters. This 
makes it possible to have receiver squelch 
performance with an economical converter. 
The solid-state squelch circuit doesn't need 
any connections to the a-m broadcast radio 
or the converter other than the coaxial feed-
line. 

This new unit features complete electronic 
control without relays and has a fully adjust-
able squelch setting. It is available in two 
models—the model ST that fastens to the 
bottom of a Tunaverter or the model SU 
which has its own mounting bracket. Fur-
nished complete with connecting cable for 
$17.50 (model SU $1 extra). Tor more infor-
mation, write to Herbert Salch and Company, 
Marketing Division of Tompkins Radio Prod-
ucts, Woodboro CTI, Texas 78393. 

Allied Radio has recently announced a new 
solid-state receiver for amateurs and swl's, 
the A-2515. This new five-band receiver tunes 
all the amateur bands from 80 to 10 meters, 
international shortwave, aircraft, marine and 
the standard a-m broadcast band. The bands 
covered are 150-400 kHz, 550-1600 kHz, 
1.6-4.8 MHz, 4.8-14.5 MHz and 10.5-30 MHz. 

A total of 24 semiconductors are used in 
the circuit with two field-effect transistors in 
the front end for maximum sensitivity and 
low noise. Four mechanical filters provide 
sharp station separation. The noise limiter and 
age reduce noise, blasting and fading. The 
built-in bfo and product detector give good 
reception of C W and ssb. The illuminated 
slide-rule dial has calibrated bandspread for 
the amateur bands; an S-meter is included on 
the front panel. Other features include a 
push-pull audio stage with a thermistor for 
low distortion, provisions for receiver muting 
and a headphone jack. 

The receiver is equipped with dual power 
supplies, one for 117 Vac and the other for 
12 Vdc, so the receiver may be operated from 
house current, autos, boats or camp sites. 
$99.95 from Allied Radio Corporation, 100 
North Western Avenue, Chicago, Illinois 
60680. 
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2 Element 
QUAD 

FOR 10 - 15 - 20 

The "JOGA QUAD" is rated at 1KW 
AM and 2KW P.E.P. SSB. Features 
a single feed line. Enjoy maximum 
forward gain and very low SWR 
over the full bandwidth. The unique 
shape allows proper element spac-
ing for all bands. It is easy to 
assemble and resists winds up to 
100 MPH. It's lightweight with only 
a 4'6" boom length. A brochure 
with further information is free for 
the asking. 

P R O D U C T O S JOGA 
C A L L E 50 X 45 NUM. 431 

M E R I D A . Y U C . . M E X . 

new allied catalog 

Allied's new 1969 catalog "Electronics for 
Everyone," is now available. This new book 
presents the latest in electronic components, 
vacuum tubes, semiconductors, wire and 
cable, test instruments, microphones and 
speakers, antennas and towers and amateur 
equipment as well as a full line of high-
fidelity equipment and tape recorders, tran-
sistor radios, TV sets and video tape record-
ers. Specialty lines include a big selection of 
electronics kits, cameras and accessories, 
weather instruments and a wide selection of 
electrical accessories. The 1969 catalog, num-
ber 280, is available on request from Allied 
Radio Corporation, Post Office Box 4398, 
Chicago, Illinois 60680. 

motorola semiconductor 
catalog 

Motorola has just announced a new cata-
log of 175 semiconductors, books and acces-
sories in the HEP line of devices for the ama-
teur, experimenter and electronic hobbyist. 
The HEP line includes semiconductors at 
reasonable prices for almost any experimental 
or replacement use. 

There are many new devices listed in this 
catalog: high-voltage germanium power 
transistors, complementary silicon npn/pnp 
power transistors, a unijunction transistor, a 
bilateral trigger diode, a sensitive low-power 
SCR, digital RTL and linear integrated circuits, 
an IC kit, new IC sockets and a TO-5 heat 
sink. 

Other semiconductors in the HEP line in-
clude small-signal and power silicon and 
germanium transistors, field-effect transistors, 
silicon rectifiers and bridges, zener diodes, 
SCR's, power transistor mounting kits, heat 
sinks and books. 

Copies of this handy new catalog, the 
Motorola HEP Catalog, MHA27-4, are avail-
able at your local Motorola HEP distributor 
or by writing to the Technical Information 
Center, Motorola Semiconductor Products, 
Inc., Post Office Box 20924, Phoenix, Arizona 
85036. 
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ham 

short circuits 
hammarlund ad 
There's an error in one of the specs for the 
new Hammarlund HQ-200 receiver advertised 
on page 27 of the December issue—the a-m 
sensitivity should read 1 mV for 10 to 1 signal-
to-noise ratio. 

wind-direction indicator 
The code wheels shown with the article on 
the digital wind-direction indicator in the 
September issue are in error. Fig. 3, shown 
as a Grey-coded wheel, is actually a binary 
wheel. Fig. 2 is complete gibberish—a result 
of the photographic process used to make 
the illustrations for the magazine. A correct 
Grey-coded wheel is shown below. 

fig. 1. Grey-coded direction wheal. 

solid-state six-meter transmitter 
In the schematic for the five-watt modulator 
on page 10 of the October issue, there should 
be a 270-ohm, 2-watt resistor in the line that 
runs from the center tap of the Stancor TA38 
transformer (red lead) to the voltage supply. 
In addition, the line going to pin 9 of the in-
tegrated circuit should be connected to the 
two lines that cross it—one between pins 8 
and 11 and the other from pin to the trans-
former. 

calibrators and counters 
In the decade counter shown in fig. 3 on 
page 44 of the November issue, pin Q on 
flip-flop C should be connected to pin J of 
flip-flop D. 

ham radio 
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a second look 
Ji 

by 

fish 
If you were asked to generate a generous 
amount of rf power you'd probably ask, "at 
what frequency?'' For the high frequencies, 
it would be transistors or vacuum tubes; at 
vhf you could add varactors. For microwave 
you would tend to think in terms of large 
klystrons, magnetrons . . . or semiconductors 
that use drift time in their operation such as 
klystrons use transit time. 

The first of the semiconductor devices to 
actually work was built by Ian Gunn at IBM 
in 1963. In the basic Gunn-effect device, a 
simple wafer of n-type gallium arsenide— 
without junctions—generates microwaves di-
rectly when a voltage is placed across it. 
When a constant voltage is applied to the 
material, the current through it fluctuates 
wildly at an extremely rapid rate, although 
somewhat randomly; however, if the semi-
conductor wafer is thin (about 0.005 inch or 
less) the current no longer fluctuates in a 
random fashion, but rises and falls in a cyclic 
way. Presto: microwave energy. 

The fundamental frequency range of Gunn-
effect oscillators is 5 to 35 GHz, although the 
Gunn device is not a narrow band gadget. On 
the contrary, the frequency is governed by 
the circuit. The active semiconduclor material 
has a natural resonant frequency, so if it is 
imbedded in a completely resistive load, it 
will oscillate at its natural frequency. If the 
material is connected into a tuned circuit, it 
is possible to change the frequency and pro-
vide essentially a widely tunable oscillator. 

What about power output? Not too bad; 
there are continuous-wave Gunn oscillators 
available which provide nearly a half a watt 
at 10,000 MHz. If you are willing to go to 
pulse, you can obtain about 50 watts at the 
same frequency with increasing amounts of 
power as you slide down the spectrum, going 
up to a kilowatt or so at 5000 MHz. 

If you think the Gunn-effect device sounds 
interesting, consider one of the other micro-
wave-generating diodes. The avalanche type 
or IMPATT diode (for IMPact Avalanche 
Transit Time) is just one; IMPATT diode os-
cillators operate because of a negative re-
sistance that results from a combination of 
internal secondary emission and bunched 
current carriers (electrons and holes) that 
drift through the solid-state material and de-
liver rf power by causing an external circuit 
current 180° out of phase with the applied 
voltage. The main disadvantages of IMPATT 
devices are high noise and low efficiency— 
on the order of 5%. The CW output powers 
of IMPATT diodes are slightly higher than 
Gunn devices and pulse powers are about 
the same. 

Although these diodes are bound to whet 
your appetite for more information, there is 
one device that is even more interesting; 
silicon avalanche diodes have been built that 
have several hundred watts output in the 400 
to 1250 MHz range! Results are so good they 
do not agree with theory for these devices 
so they are called—most appropriately— 
anomalous diodes. As an example of a device 
of this type, at a frequency of 425 MHz, the 
output power was 435 watts with a 164-volt 
supply at 12 amps. This represents an efficien-
cy of 22%, low by vacuum-tube standards, 
but the same diodes oscillated at 10,000 MHz 
(in the IMPATT mode) with their ordinary 
efficiencies of less than 5%. 

So far I haven't mentioned cost—for good 
reason—it's high; so was the varactor when 
Sam Harris described the first practical para-
metric amplifier ten years ago, but that didn't 
stop interested amateurs from getting de-
vices for their own experiments. 

Jim Fisk, W1DTY 
Editor 
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a grounded-grid 
two-kilowatt pep 

amplifier 

This "full-house" linear 

uses a pair 

of 3-500Z's 

in a highly 

efficient circuit— 

W6SAI 

designs it for you 

and 

explains its operation 
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The popularity of the grounded-grid ampli-

fier is well established. This interesting cir-

cuit combines high efficiency, good linearity, 

and m i n i m u m expense-three attributes not 

usually found together in one amplifier. A 

quick on-the-air check reveals that an amaz-

ingly large number of amateurs are using 

grounded-gr id amplifiers and, judging from 

the robust signals, are having much success 

with them. 

the grounded grid 
T o the uninitiated the grounded-grid or 

cathode-driven circuit is puzzl ing. A sim-

plif ied sketch of this amplif ier is shown in 

fig. 1. The driving signal is applied to the 

filament, or cathode, and the grid is at 

ground potential, thus acting as a shield be-

tween input and output. W h e n the cathode 

is driven negative, the grid is positive with 

respect to the cathode, and plate current 

flows. The driving voltage is thus added to 

the plate voltage, and the resultant increase 

in power input to the stage appears as feed-

through power in the plate circuit. The plate 

circuit is conventional, being either parallel-

tuned or the more popular pi or pi-L 

network. 

At first glance it might appear that the 

grid receives no exciting signal. The driving 

voltage is developed between the grid and 

cathode of the tube, and it matters little 

which of these two elements is at ground 

potential. That is to say, the grounded-gr id 

amplif ier may be thought of as a grid-driven 

amplif ier "standing on its head." This is not 

strictly correct, as other factors such as feed-

through power and grid-lead inductance en-

ter the picture. However, if you understand 

the conventional grid-driven amplifier, you 

can understand the grounded-gr id amplifier. 

The fact that the gr id is at ground potential 

should cause you no distress. 

If a wel l -shielded triode having a reason-

ably high amplif ication factor is used in the 

grounded-gr id amplifier, neutralizing circuits 

and bulky bias supplies can be eliminated, 

reducing the amplifier stage to the basic es-

sentials needed to make it function properly. 

The new Eimac 3-500Z, and its older com-

panion the 3-400Z, are ideally suited to this 

class of service. They combine the charac-

teristics mentioned above with modest cost, 

providing more watts output per dollar. 

O f interest to the user is that the drive 

requirements of a grounded-grid, 2-kiIowatt 

PEP amplifier using a pair of these tubes is 

of the order of the output power level of 

typical amateur exciters and transceivers; 

that is, in the 100-watt PEP region. Bulky and 

expensive power absorbers between amplif i-

er and exciter aren't required. Best of all, 

a portion of the drive power appears as out-

put in the grounded-gr id amplifier. This al-

most repeals the ancient law that says " Y o u 

can't get something for nothing." In this 

case, it is nearly true! 

A pair of 3-500Z or 3-400Z power triodes 

will run comfortably at 2 kilowatts input 

TUNED 
PLATS 
CIRCUIT 

fig. 1. The basic grounded-grid amplifier. The driv-
ing voltage, e^, is impressed between cathode and 
grid. The grounded-grid circuit isolates input from 
output and affords good shielding up to 100 MHz or 
so in tubes of the 3-500Z class. 

PEP {1000 watts average power) under con-

tinuous ratings in C W , ssb or RTTY service 

without distress. "F i reman-quick" tune-up 

style, wherein the equipment must be 

tuned up in 30 seconds or less else the 

whole works goes up in a puff of smoke, 

is not necessary. This fire drill may have an 

element of excitement about it, but it can 

result in tube casualties when done in a 
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hurry, or under pressure, as in the closing 
moments of a DX contest. Adequate plate 
dissipation, on the other hand, is insurance 
against catastrophe from operator panic or 
error and provides a comfortable margin of 
safety that leads to equipment reliability and 
lower operator blood pressure. 

two-kw pep amplifier 
The Eimac 3-400Z and 3-500Z tubes are 

air-cooled power triodes designed for zero-
bias, class-B rf amplifier service. They are 
particularly well-suited for ssb linear ampli-
fier service. Intermodulation distortion prod-
ucts are 30 dB or better below one tone of a 
two-tone test signal for either tube type. A 
comparison of the 3-400Z and 3-500Z 
types is given in Eimac Amateur Service 
Bulletin number 35*. 

A circuit for either the 3-400Z or 3-500Z 
is shown in fig. 2. The tubes are cathode 
driven with grids at both rf and dc ground 
potential. A tuned-cathode network achieves 
an optimum impedance match to the exciter 
and reduces intermodulation distortion to a 
minimum. The plate pi-network circuit is 
suitable for operation on amateur bands be-
tween 80 and 10 meters. Separate meters 
monitor grid and plate current. A VOX-
operated circuit reduces plate dissipation 
during standby. Power output is better than 
1200 watts PEP on all bands, and driving 
power is about 75 watts PEP. Plate poten-
tials between 2500 and 3000 may be used, 
with reduced output for plate voltages as 
low as 2000. 

the plate circuit 
The amplifier plate circuit may be of sev-

eral forms. The easy and more expensive 
assembly is to use a bandswitching pi-net-
work inductor. The less-expensive but time-
consuming procedure is to make your own 
bandswitching network from commercially 
available coil stock, copper tubing and a 
heavy-duty switch. Either approach will 
work well, and your choice will probably 
be made on an economic basis. Data for 
either type of circuit is given in the parts 
list, table 2. 

One idea that hasn't been popularized is 
designing the amplifier for single-band oper-

fig. 2 (right). Schematic of the grounded-grid linear 
amplifier. RFC1 should be mountad reasonably in 
the clear so that the series-resonant frequency does 
not drop below 23 MHz. Capacitors marked C are 
disc ceramic, Centralab DD-103. Power-line bypass 
capacitors are Centralab DD16-103. 

blower 13 cubic feet per minute at 0.2-inch back 
pressure; use number-3 impeller at 3100 
rpm (Ripley 8472, Dayton 1C180 or Red-
mond AK-2H-01AX) 

sockets Eimac SK-510 socket and SK-416 chim-
ney for 3-400Z; Eimac SK-510 socket and 
SK0406 chimney for 3-500Z 

table 1. Cathode circuit components. 

T1,10 meters 0.15 jiH. 4 turns number-14 AWG 
enamelled wire on VJ" form, Vi" long 
(National XR-50 form); parallel ca-
pacitance: 200 pF, 1 kV silver mica; 
resonate to 28.7 MHz 

T2,15 meters 0.15 /iH, Same as T1, resonate to 21.3 
MHz with 470-pF, 1-kV silver-mica 
capacitor 

T3, 20 meters 0.31 fiH. 6 turns number-14 AWG 
enamelled wire on National XR-50 
form; parallel capacitance: 470 pF, 1 
kV silver mica; resonate to 14.3 MHz 

T4, 40 meters 0.31 /xH. Same as T3, resonate to 7.2 
MHz with 940 pF (two 470 pF, 1 kV 
silver micas in parallel) 

T5,80 meters 1.3 ^H. 13 turns number-18 AWG 
enamelled wire on National XR-50 
form; parallel capacitance: 940 pF, 
as in T4 

table 2. Plate circuit components. 

combination 1 B&W 850A bandswitching inductor 

combination 2 Air-Dux 195-2 pi-inductor 

combination 3 homemade tapped inductor; 80 me-
ters, 13.6 juH; 40 meters, 6.5 ^H; 20 
meters, 1.75 /iH; 15 meters, 1.0 jtH; 
10 meters, 0.8 /iH 

Combinations 2 and 3 should be tapped and trimmed 
to resonate as follows: 80 meters, 210 pF; 40 meters, 
105 pF; 20 meters, 52 pF; 15 meters, 30 pF; 10 meters, 
30 pF. Inductor should be parallel resonated and 
grid dipped with these capacitance values before 
placement in circuit. For combination 3, the 10-, 15-
and 20-meter coil should be wound with 3/16-inch 
diameter copper tubing, and the 80- and 40-meter 
coil wound with mimber-12 AWG wire. 

* Available from the author upon request. 
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C1 250 pF, 4.5 kV (Johnson 154-16) 

C2 1 500 pF (LaPoinle Industries, Rockville, 
Connecticut, type J-1500-S-30) 

C 3 500 pF, 2500-volt mica (surplus) 

C4 .001 (iF, 5 kV (Centralab 858S-1000) 

C5, C6 .01 (iF, 500-V mica (two E lMenco CM-30 

in parallel) 

C7, C8 .001 6 to 10 kV (Centralab DD60-102) 

L1 . L2 see table 2 

PC1, PC2 three 100-ohm, 2-watt carbon resistors in 

parallel (Ohmite "L itt le Dev i l " ) ; three 

turns number 14 spacewound around one 

resistor 

R F C 1 100 ,iH, 1A ( B & W 800) 

homemade versions: A. 112 turns number-

26 A W G , spacewound (wire diameter) on 

1 " diameter, 6 " long ceramic form (Cen-

tralab X-3022H insulator) series resonant 

at 24.5 MHz ; grid dip with terminals 

shorted 

B. 136 turns number-20 A W G , 1 " diameter, 

4V<" long ( B & W 3016 or Air-Dux 832T), 

s l ipped over varnished wood dowel for 

mounting, series resonant at 25 MHz ; grid 

dip with terminals shorted 

R F C 2 1.7 /iH (J. W . Miller RFC-144 or Ohmite 
Z-144) homemade: approximately 20 turns 
number-26 A W G enamelled wire wound on 
100k, 2-watt resistor 

R F C 3 for series filament operation: 12'/i bifilar 

turns number-12 A W G enamelled wire 

wound on ferrite core 3 " long, V i " diam-

eter (Indiana General CF-503, Newark 

electronics catalog number 59F-1521); 

notch core with file and snap to break 

for parallel operation: overwind third 

winding with number-18 A W G enamelled 

wire (see photo) 

51 single-pole, 12-position ceramic switch, 

7 kV test (Radio Switch Corporation, 

Marlboro, New Jersey, type 86A) 

52 single-pole, six-position ceramic switch 

(Centralab PA-2001) 

T1 - T5 see table 1 

T6 ser ies filament operation: 10 volts at 15 A 

(Thordarson 21F-146); parallel operation: 

5 volts at 30 A (Chicago-Stancor P-6468) 
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ation. If your station operation (or the great-

er portion of it) is confined to a single hf 

band, a worthwhile reduction in cost may be 

achieved by constructing the amplifier for 

single-band operation. In this case, only one 

tuned input circuit is used, and the other 

transformers and switch S-2 may be omitted. 

The plate circuit may be simplified to a 

single tank coil, and the expensive and rath-

er bulky plate switch may be omitted, along 

with the problem of placing the proper taps 

on the bandswitching coil. No hard and fast 

rules apply, and the choice is yours. 

the input circuit 
This is the feature that really distinguishes 

the grounded-grid amplifier from its con-

ventional grounded cathode counterpart, A 

fixed-tuned cathode circuit is used, with 

each input circuit (T1 through T5) tuned to 

the center of each band (table 1). A grid dip 

meter is used for resonating the cathode 

circuits. Each circuit should be peaked be-

fore it's installed. 

Because the cathode circuit replaces the 

grid circuit as the input system to the am-

plifier, the cathode circuit must be isolated 

from ground. This means that cathode volt-

age has to be applied through an rf choke. 

turn to the junction of the series filaments. 

This means a third winding is needed on the 

isolation choke. Here's how to make your 

choke. 

the cathode choke 
Use a ferrite core, but beware of the tran-

sistor-radio ferrites used for loopslick an-

tennas. They won't work in this application 

and are inferior at higher frequencies. I used 

Q-1 ferrite material with a permeability ra-

fig. 3. Filament choke 
(or parallel filament con-
nection. Core material is 
Q-1 type having a per-
meability of 125 at 1 
MHz. 

H ( - f l 

These chokes are available commercially, 

but are rather expensive. Why not make 

your own? 

The filaments may be operated eilher in 

series, as in fig. 2, or in parallel (fig. 3). Series 

operation requires a current balancing re-

Filament choke for grounded-grid amplifier is wound 
on ferrite core, one-half inch in diameter and three 
inches long. The text explains how to build your own. 

lio of 125 at 1 MHz . M y core is one-half 

inch in diameter and three inches long. 

(The choke in the photo was wound on a 

two-inch-long core, which makes winding 

a bit tight; a slightly longer core makes the 

winding job easier.) 

I used I2V2 turns of number-12 A W G 

enamelled wire, bifilar wound, and held in 

place with epoxy cement. If you want to use 

series-connected filaments, wind another 

layer using number-10 A W G enamelled 

wire. W ind it over the primary. Epoxy ce-

ment will hold it in place. Tin the end of 

each winding and apply tape as shown in 

the photo. The assembled choke is extreme-

ly rugged when the epoxy dries, and you 
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wilf save at least $5.00 by making your own. 
If the filaments are series-connected for 

10-volt operation, the tertiary winding on 
the filament choke must make a connection 
between the center tap of the filament trans-
former and the junction between the series-
connected tube filaments. If this connection 
is omitted, the filament voltages for the two 
tubes will not necessarily be balanced, as 
one tube may draw slightly more current 
than the other. Manufacturing tolerances 

fig. 4. Bias and metering circuit (or 3-500Z tubes. 
Meter Ml reads grid current between cathode and 
grid; meter 2 reads plate current between cathode 
and plate. The bias voltage, E1, is provided by the 
zener diode, Z1. 

permit a current variation of about five per-
cent between two tubes of this size. It's 
therefore possible for one tube to absorb the 
filament voltage at the expense of the other. 
Parallel filament operation eliminates this 
problem. However, 10-volt filament trans-
formers are sometimes easier to obtain than 
5-volt units. 

the grid circuit 
This circuit, by careful inspection of the 

schematic, is almost nonexistent. All three 
grid pins of each tube socket are grounded 
to the amplifier chassis. The proper Eimac 
air-system socket and chimney should be 
used, regardless of your choice of tubes. The 
less-expensive ceramic socket often used 
with tubes of this type applies too much 
lateral force to the base pins and glass head-
er. The Eimac SK-410 socket has special, 
flexible connectors that allow the tube to 

move about. This equalizes any stress when 
plugging the tube into the socket. Also, this 
socket has small slots in the shell through 
which grounding straps may be passed to 
permit a short, low-inductance ground con-
nection to grid pins 2, 3 and 4. 

the metering circuit 
You may wonder, "How is grid current 

measured when the grid is directly ground-
ed?" The answer is that grid current may be 
measured in the grid return circuit to the 
tube filaments. Grid meter M1 handles this 
chore. The grid circuit electron flow, then, 
is from filament to grid within the tube, from 
grid to ground, from ground to the nega-
tive terminal of meter Ml, through the me-
ter, then from the positive terminal of meter 
M1 to the filament center tap. 

The plate-current meter may be handled 
similarly. Instead of placing it in series with 
the B-plus lead, which may be highly dan-
gerous, the meter is in the B-minus return 
lead to the power supply. No grid current 
flows through plate meter and no plate cur-
rent flows through grid meter. This circuit 
is shown in fig. 4. 

standby and vox control 
The amplifier should be turned off to con-

serve power during listening periods and to 
reduce diode noise in the receiver. Under 
certain conditions, it's possible for large 
transmitting tubes in standby to generate a 
powerful hiss when they pass resting plate 
current. Normally, you don't hear this un-
less a T-R switch is used, but it can be a 
nuisance and is often noticed even when 
coaxial antenna changeover relays are used. 

Common practice calls for the amplifier 
plate supply to run during standby, with the 
transmitter energized by the voice-con-
trolled (VOX) system. A number of alterna-
tives, then, present themselves to solve the 
diode noise problem and allow effective 
VOX control. 

The schematic of fig. 2 shows the filament 
circuit interrupted by two terminals (A-B). 
When these are open, the amplifier is in a 
cut-off mode, and no amplifier plate cur-
rent flows. I don't recommend the amplifier 
be used under these conditions, but fig. 5 
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illustrates several acceptable circuits that 
may be used across terminals A-B to do the 
job. 

Fig. 5A shows A-B shorted, in which the 
amplifier operates normally, with no VOX 
control and no provision for reducing noise. 
Fig. 5B shows the VOX relay contacts in 
parallel with a 10-k ohm, 10-W bias resistor. 
When the VOX relay is in standby, its con-
tacts are open, and the resistor is in the 
filament-return circuit. A small plate-current 
flow through this resistor creates a voltage 
drop across the resistor. This applies a neg-
ative blocking bias to the amplifier grids. 
The standby plate current is th us reduced to 
near zero, and the noise is eliminated. 
When the VOX circuit is energized, the relay 
contacts short circuit the bias resistor. Am-

If asked for my circuit preference, I'd vote 
for the circuit in fig. SB. The addition of the 
bias, in my opinion, is "gilding the lily," un-
less the power supply is of marginal rating 
and every extra watt must be carefully con-
served, or unless you want to reduce cabinet 
temperature during extended periods. 

the air cooling circuit 
Until some genius miniaturizes the watt, 

a means will be necessary to remove the 
heat generated in an amplifier of this size. 
When you realize that the filaments of the 
two tubes have a power capacity of 145 
watts, and the total plate dissipation may 
reach 1000 watts during the tune-up process, 
you can appreciate that the amplifier cabinet 
temperature may reach astounding propor-

A. No bias and no vox; short circuit 
terminals A and B of fig. 2. 

B. VOX-only circuit; relay contacts 
are part of external vox circuit. 

C . Zener diode bias only; use 1N4551 
zener diode for one or two 
3-500Z-S. 

D. Vox circuit and zener diode bias. 

Q 

10 k 
10 W 

VOX 
RELAY 

M 
c 

fig. 5. Bias and vox circuits for the grounded-grid amplifier. 

e o 

plifier operation then returns to normal. 
Fig. 5C shows how a zener reduces am-

plifier standby plate current. At a plate po-
tential of 3000 volts, for example, the 3-500Z 
and 3-400Z resting plate currents are 160 
mA and 100 mA respectively. This corre-
sponds to a plate dissipation of 480 watts 
and 300 watts. Unless VOX bias is used, this 
amount of dissipation per tube can warm 
the operating room and run up the power 
bill in short order. Addition of a zener pro-
vides a few volts of regulated bias, which 
reduces plate current to a moderate value. 
Standby plate dissipation is reduced accord-
ingly. 

Fig. 5D shows the use of both circuits. 
The VOX relay and resistor bias provide 
near zero standby plate current, and the 
zener provides low static resting plate cur-
rent when the amplifier is activated. 

tions unless the heat is conducted else-
where. Large commercial transmitters that 
must deal with thousands, or hundreds of 
thousands, of watts of dissipation often for-
sake air cooling for more efficient water 
cooling or vapor-phase (steam) cooling. At 
the amateur power level, however, simple 
convection or forced-air cooling is still the 
most popular method of removing heat. 

Either the 3-400Z or the 3-500Z requires 
cooling air supplied at a rate of 13 cubic feet 
per minute capable of overcoming a back 
pressure created by tube, socket and chim-
ney expressed as a pressure drop of 0.13 
inches of water. Blowers that will meet this 
specification are specified in the parts list. 
A word of warning: don't cheat on air sup-
ply. Heat is the enemy of vacuum tubes, 
and a war-surplus blower or cheap fan may 
result in decreased tube life due to filament 
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or plate seals overheating. A few pennies 
saved in the purchase of the proper blower is 
false economy, indeed, and may lead to 
premature tube failure after a few hundred 
hours. 

circuit stability 
The grounded-grid amplifier is inherently 

a degenerative circuit, and the grid shields 
the input from the output circuit very ef-
fectively. The builder, however, is responsi-
ble for feedback occurring around the tube 
caused by coupling between input and out-
put circuits. If sufficient coupling exists, it's 
possible for a fundamental frequency para-
sitic oscillation to occur. Proper amplifier 
shielding and correct isolation of power 
leads will eliminate this problem. 

o e* 

T J 
10 < 

IOW$ C . GROUND TO 

rh rb J T ^ 

fig. 6. Power supply connections for proper "float-
ing B-minus" circuit. Negative of supply is lifted 
above ground a few volts by the 10-ohm resistor. 

The circuit shown in fig. 2 has each power 
lead bypassed at the terminal board on the 
amplifier. Coaxial input and output rf con-
nectors are used. If the cable run to the 
power supply is rather long, it's a good idea 
to run the leads in shielded cable. The B-
plus lead can be a length of RG-8/U co-
axial line, with the shield grounded at both 
ends. 

The power supply B-minus circuit is above 
ground because plate meter M2 is in the 
return lead. A protective resistor should be 
in the power supply, as shown in fig. 6, to 
keep the supply from getting too far above 
ground. 

The tuned-cathode transformers should be 
in a shielded enclosure to separate them 
from the rf currents and fields in the output 
circuit. There are several ways of doing this. 
One is to enclose the amplifier underchassis 
completely making it airtight. The blower 
is mounted on the rear wall of the enclo-

sure, transforming it into a plenum chamber, 
with the air exhausted through the tube 
sockets. The cathode circuit, in turn, is 
automatically shielded by the enclosure. 

On the other hand, if the underchassis 
area is not pressurized, and the air is con-
ducted separately to each tube socket by 
hoses, the cathode circuit should be in a 
shielded enclosure of its own. The plate 
circuit components, usually mounted above 
chassis, should be in a shielded enclosure 
that affords proper ventilation. This can be 
done with a cover shield made of perforated 
aluminum sheet. With both grid and plate 
circuits properly shielded, minimum intra-
stage coupling will exist. 

A good way to determine the amount and 
degree of intrastage coupling is to observe 
the action of the grid and plate meters after 
the amplifier has been tuned and loaded. 
If the stage is operating properly, maximum 
grid current and minimum loaded plate cur-
rent will occur at the same setting of the 
plate tuning capacitor. If, on the other hand, 
grid current reaches maximum when the 
plate circuit is slightly detuned from reso-
nance, it's an indication that unwanted feed-
back exists from plate to grid. A small 
amount of unwanted coupling probably will 
do no harm, but instability may often be 
found in such an instance, particularly on 
the 10- and 15-meter bands. If the degree 
of coupling is great enough, the amplifier 
will break into oscillation at the operating 
frequency. Judicious use of proper shielding 
can easily eliminate this problem. 

parasitic oscillation 
Most modern tubes perform well into the 

vhf region and demonstrate ample gain and 
efficiency, even though they may be de-
signed primarily for high-frequency opera-
tion. The 3-400Z and 3-500Z are no excep-
tions. High-frequency circuit and construc-
tion techniques, however, usually create a 
condition wherein input and output circuits 
are not especially well shielded or otherwise 
isolated from each other at frequencies 
above 100 MHz or so. 

This isn't surprising, as the amplifier is 
not designed to work in this portion of the 
spectrum. The upshot of this combination 

*o HIGH VOLTAX *o 

SUPPLY -O 
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of forces is that the tube is capable of am-
plifying (and oscillating) in the vhf region. 
Unless steps are taken to prevent it, this 
very oscillation will occur. Auxiliary neutral-
izing circuits may be added to suppress the 
tendency to oscillate, or, more simply, the 
parasitic circuit may be loaded to suppress 
the oscillation. This is most easily clone by 

citor at random. If parasitics are absent, the 
meter readings will remain unchanged. If, 
however, the amplifier exhibits a tendency 
toward parasitic instability, a grid-current 
reading will be indicated, and a rise in rest-
ing plate current will be noted. 

When a new item of equipment is being 
tested for the first time in this fashion, it 

New Swan Mark II linear amplifier, designed to use either Eimac 3-400Z (foreground) or 3-500Z (installed in 
amplifier). The Swan incorporates zener bias to reduce zero-signal plate current of the 3-500Z tubes; bias 
may be switched out for the 3-400Z's. 

the use of plate circuit parasitic suppres-
sors, a nearly universal adjunct to most high-
frequency amplifiers. The parasitic choke de-
scribed in the parts list should do the job 
for either tube type. One choke is placed 
in each plate lead near the plate connector. 

The check for vhf parasitics is simple. The 
amplifier plate and filament voltages are ap-
plied, but excitation is not. Observe ihe rest-
ing plate current and grid-current, then tune 
the plate-tuning capacitor and loading capa-

may be wise to drop the plate voltage in 
half with Ihe aid of a variable voltage Irans-
former in the power supply primary. If all 
looks well, the voltage may be raised a bit 
and the test repeated. The most drastic 
parasitic test of all is to boost plate voltage 
about 30 percent above normal while the 
test is being run. Higher-than-normal plate 
voltage raises the power gain of a tube and 
enhances the tendency towards parasitic 
oscillation, if such tendency is present. 
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If a parasitic oscillation occurs, the plate 
circuit parasitic suppressors must be altered 
in unison until the amplifier is "cold." Addi-
tion of a turn or two to each suppressor coil 
is suggested as the first step. Too many turns 
on the coil will cause the suppressor resistor 
to overheat, particularly on the 10-meter 
band. A proper compromise between sup-
pressor heating and parasitic suppression can 
be worked out without too much effort. 

amplifier tuning and adjustment 
Once the amplifier has been tested and is 

free of parasitic oscillation, it is ready for 
final adjustment and tuning. Using a grid-
dip oscillator, the cathode circuits may be 
tuned to frequency before they are installed 
and will need no further tuning. A check of 
these should show each to be resonant at 
about the mid-frequency point of each ama-
teur band. 

Adjustment of the pi-network output cir-
cuit may also be approximated with the aid 
of the grid-dip oscillator. The output (load-
ing) capacitor is set to the approximate 
value of capacitance for a particular band, 
the plate leads are attached to the tubes, and 
the plate tuning capacitor varied to pro-
vide resonance on a grid-dip oscillator 
coupled to the network coil. Settings of 
tuning and loading capacitors should be 
logged. A dummy antenna and power out-
put device (an swr meter, for example) are 
attached to the amplifier, as is the exciter. 
Plate voltage is applied, and a small amount 
of drive (carrier) is introduced into the am-
plifier. The plate tuning capacitor is ad-
justed for maximum indication on the power 
output meter. 

The idea is to achieve maximum power 
output with proper grid and plate currents, 
combined with a minimum of grid drive. 
This is how you do it: 

As an example, assume the amplifier has 
a pair of 3-500Z tubes operating at 2500 
volts. To achieve 2000 watts PEP input 
(usually assumed to equal 1000 watts under 
voice conditions) the amplifier must be 
tuned and loaded at the 2000-watt level, 
unless some rather sophisticated test equip-
ment is at hand. Accordingly, 800 mA of 
plate current must be run to the two tubes, 

and the data sheet for the 3-500Z shows a 
grid current of 120 mA per tube, or a total 
of 240 mA for two tubes at this power level. 

Here we go! Carrier is gradually inserted, 
and the amplifier is loaded toward the tar-
get plate current of 800 mA. Grid current 
is deliberately held on the low side as a 
safety measure. Plate loading is increased 
(pi-network output capacitance decreased), 
plate tuning is resonated and grid drive is 
slowly raised. At resonance we approach 
700 mA plate current and 200 mA grid cur-
rent. Tuning is "on the beam." Loading is 
juggled a bit to peak power output, and 
cathode drive is boosted a bit. The plate 
current is now 800 mA, grid current is 220 
mA, and power output drops if loading is 
either increased or decreased. Power output 
also drops sharply when excitation is re-
duced. Under these conditions, the am-
plifier is loaded to 2000 watts dc input with 
the proper plate loading and with the cur-
rect ratio of cathode drive to plate loading. 

Excitation is now removed, grid current 
drops to zero, and plate current returns to 
zero-signal value. Now, instead of a steady-
carrier driving signal, a voice signal is im-
pressed onto the amplifier. Voice gain is 
raised until voice peaks occasionally hit 400 
mA. This indicates a "dc meter reading" of 
1000 watts peak input (2500 volts at 400 
mA). The PEP input, if viewed on an oscil-
loscope, would be in the neighborhood of 
2000 watts or so. Grid current, under voice 
conditions, will peak about 110 mA. 

Note that to establish a 2000-watt PEP 
input condition, the amplifier must be load-
ed and adjusted at the 2000-watt PEP level. 
This is extremely important; it must be capa-
ble of handling 2000-watt peak signals with-
out distortion. It is wise to use an oscillo-
scope to monitor voice peaks and ensure 
that over-excitation or "flat-topping" of the 
signal does not occur. 

The experienced operator will find that 
the combination of grid current and power 
output indications are important adjuncts 
to proper tuning. Once the proper tuning 
and loading technique is mastered, adjust-
ment of a linear amplifier will be simple 
and uncomplicated. 

ham radio 
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signal detection 
and 

communication 
in the presence 

of white noise 

An informative treatment 

of the 

radio noise problem, 

with some answers 

based on 

detection theory 
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Many years ago, when rad io started, the 

detec t ion of signals was receiver-sensit iv i ty 

l imited, s ince rf amp l i f y i ng dev ices were not 

known. W h e n these dev ices came about , it 

was f ound that rece iv ing sensit iv i ty was l im-

ited by natural and man-made interference 

rather than by the ever-present thermal noise 

of the antenna and its env i ronment . This is 

stil l true for al l but the h igher amateur bands. 

Du r i ng the past several years n ew com-

mun ica t ions modes such as moonbounce , 

troposcatter and meteorscatter have become 

popu la r w i t h p i onee r i ng rad io amateurs. 

These modes have in c o m m o n t remendous 

path losses ranging up to 280 dB, and all 

operate against a backg round of wh i t e (or 

thermal) noise. W i t h rece iver or antenna 

noise a l im i t i ng factor on one s ide and 

transmitter powe r and antenna s ize on the 

other, much bra in powe r has been expended 

by amateur and profess iona l a l ike to de-

ve lop imp roved signal p rocess ing techn iques 

and c od i ng systems to ach ieve max imum 

per fo rmance . 

M a n y c la ims have been made by ama-

teurs for part icu lar " c i r cu i t s " that w i l l pu l l 

signals ou t o f the noise, " c an ce l " the noise, 

etc. Some of these c la ims are true, wh i l e 

others are overs imp l i f i ca t ions and not ap-
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plicable. The object of this article is to 
bring some of the findings of detection the-
ory to bear on the problem and show what 
is not possible. I'll try to do this in simple 
language, "with a minimum of math, but 
\^ithout yielding to the temptation of over-
simplification. 

the problem 
Let's assume that we have reduced the 

incoming thermal noise to the lowest pos-

cw transmission 
For ease of understanding we'll start with 

the simple proposition of detecting the 
presence of a transmitted rf carrier. Let's 
assume the carrier is transmitted at constant 
amplitude and constant frequency. At first 
glance it might appear that a bandpass filter 
of arbitrarily narrow bandwidth in the re-
ceiver would be the optimum choice for 
highest sensitivity, since the amount of noise 
in the filter bandwidth can be reduced to 

DC BIAS 

fig. 1. Weak signal cw receiving systems. The two-frequency method is shown in A; the Dicke radiometer 
system is shown in B. 

sible amount by low-noise antennas, feed-
lines and receiver front ends. What we've 
done is reduce the noise power spectral 
density in the frequency band of interest. 
This quantity is measured in watts per Hz 
of bandwidth. Let the problem now be: 
given this background of thermal noise den-
sity, how can we detect signals and com-
municate by modulating the signal in some 
way? 

as low a value as necessary for detection of 
the carrier. Unfortunately this is not true. 

Between transmitter and receiver exists a 
transmission path that always modifies the 
transmitted signal. Such phenomena as fad-
ing, scintillation, Doppler shifts, and multi-
path modify the signal in the direction of 
increased bandwidth. The best receiving 
system, then, is that which maximizes the 
signal-to-noise ratio (snr) for the received 
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signal; not the one being transmitted. A 
filter that maximizes the ratio of signal power 
to noise power is commonly called a 
matched filter. Such a filter for the above 
case would be one with a response approx-
imately as wide as the signal spectrum; how-
ever, the exact frequency response of the 
filter is similar to the power spectrum curve 
of the signal being received. I won't go into 
the exact mathematics here, because we 
don't ordinarily know enough about a spe-
cific path at a given time to really shape the 
filter curve for optimum snr. Besides, the 
snr is not too sensitive to changes in the 
shape of the filter curve. 

noise. Typically, the output of the filter is 
then displayed on a chart recorder or scope. 
The signal-to-noise ratio at the output of the 
low-pass filter can be computed by the fol-
lowing relationship: 

out (5): i f 

(B » Af) 

B 

2 A i 

where 

B = i-f bandwidth. 

A f = lowpass filter bandwidth. 

fig. 2. Electronic digital 
filter. A three-phase 
square wave at the fre-
quency of interest is used 
to drive the three mosfet 
switches. 
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pre- and postdetection 
Let's assume we've put into the receiver 

i-f this approximately matched filter, yet the 
signal-to-noise ratio is not high enough to 
detect the cw carrier. Can anything be done 
to improve snr using additional processing? 
Yes, but the price paid for improved de-
tection capability is a drastic increase in 
time-to-detection. The additional processing 
techniques are called postdetection inte-
gration. 

Basically, they all involve reading the long-
term value of the noise and thereby detect-
ing small increases of power caused by the 
presence of extremely low-level signals. 
They are nonlinear systems, and the output 
signal-to-noise ratio is not proportional to 
the input signal amplitude. 

The implementation of postdetection 
systems is always to rectify the i-f, rf, or 
audio (in a heterodyne receiver) and smooth 
the resulting dc in a low-pass filter. It's in-
tuitively apparent that the longer the time 
constant of the filter, the easier it is to de-
tect a small change in average signal plus 

Note that the i-f signal-to-noise ratio ap-
pears as a square term in the equation, so 
that even very large values of integration 
times produce only a small reduction in 
permissible i-f snr. The time-to-detection 
can go clear out of sight before there is a 
significant output signal-to-noise ratio or im-
provement in sensitivity. 

While the equation is exact, it has to be 
applied to a system with care. If the signal 
amplitude is not constant you can't put in 
a fixed number for the i-f snr. To be exact 
you must integrate over a period of time. 
The low-pass filter bandwidth in a system 
involving a recorder and a human observer 
is really the combination of the electrical 
filter and the brain of the observer looking 
at the chart. 

In a practical system the observer may be 
contributing most of the filtering.* I've 
found with systems of this type that there 
is little point in using integration times over 
2 seconds on a cw carrier. With rapidly fad-

* And, depending on the observer, some of the noise. 
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ing moon echoes I prefer an integration 
time of 0.5 second, doing mental filtering 
on the chart output. 

As a point of reference I estimate that the 
signal path contributes about 10 to 20 Hz of 
additional bandwidth on amplitude modu-
lation. As an example, a cw system designed 
for highest sensitivity on moon echoes 
would use a predetection filter with band-
width appropriate to the band used (20 Hz 
on 1296), followed by a postdetection in-

Regenerative audio filler. Transistors Qt and Q2 are 
high-gain silicon npn units. C2—about 0.05 /if—is 
one-half the value of C1 and depends on the desired 
audio frequency. 

• o + i e - 2 0 V 
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have a reference noise source at the re-
ceiver input and synchronously switch it and 
a pair of rectifiers at the integrator input to 
cancel receiver gain drifts. This is the tech-
nique used by radio astronomers. For cw 
use it's more difficult to implement and no 
better in sensitivity. (See fig. 1). 

A disadvantage of the Dicke system is 
that it can't discriminate against radar inter-
ference. The two-frequency technique does 
discriminate, because the radar pulse adds 
to both channels equally if they have the 
same bandwidth. 

predetection filter schemes 

The two-meter moonbounce enthusiast 
might wonder how to implement a two-to-
five-Hz bandwidth filter for the predetection 
(j-f) circuit. There are several possible 
methods: 

1. Use a circuit similar to a Q multiplier, 
but at audio frequencies. This requires well-
regulated supplies and a temperature-stable 
transistor circuit. Any transistor oscillator 
circuit will do if adjusted for class-A opera-
tion and if the feedback is adjusted to a 
point just before oscillation. 

tegrator of between 0.1 and 0.5 second, fol-
lowed by a recording device and the op-
erator's mental filter. This is the optimum 
technique, and no fancy gadgets or trick 
circuits can do better than that. 

practical considerations 
In order to keep small drifts in receiver 

gain from affecting the recording, most peo-
ple use two different audio filters and two 
rectifiers in a bucking arrangement working 
into an integrator, so that the output is nor-
mally zero in either filter with no carrier. 
Since the noise output from the two filters 
adds, while the dc component cancels, the 
snr of this system is 3 dB worse than that 
with the single i-f filter. This is well worth-
while, though, to obtain system stability. 

If frequency-shift keying is used, perfor-
mance is identical to a keyed carrier in a 
single filter. A less-popular technique is to 

2. Use a passive RC circuit; with good com-
ponents and regulated supplies, this circuit 
is capable of about 1-Hz bandwidth. Its op-
eration is similar to that of the Q multiplier 
concept in method number 1. 

3. Use a digital filter (shown in fig. 2). 
This is the ac equivalent of a synchronous 
detector. It's extremely stable and can gen-
erate an arbitrary narrow response. I've built 
some of these with 0.1-Hz bandwidth at 1 
kHz. Their resonant frequency is that of the 
ac source driving them. Some care is re-
quired in layout to avoid coupling the oscil-
lator output into the amplifier input. Their 
Q depends on the basic cutoff frequency; 
the lower the cutoff frequency, the higher 
the Q. This network can't oscillate by itself. 

4. Use a synchronous detector followed by a 
low-pass filter. This is equivalent to another 
heterodyne process, translating the high au-
dio frequencies to near dc, where they can 
be filtered without high-Q devices. This is a 

i 
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very useful device if phase coherence exists 
between the drive source and the carrier. 
It is more difficult to use than method 
number 3. 

Other considerations in choosing your 
predetection bandwidth are transmitter and 
receiver stability and the search problem 
with a too-narrow system. At 1296 MHz, 
50-Hz bandwidth is probably as low as you 
can go and be sure the carrier is centered 
in the passband. At two meters a system of 
a few Hz bandwidth should be practical. 

Fig. 3 shows a system that I am using on 
1296 MHz. On moon echoes it is about 3 
to 6 dB more sensitive than the human ear, 
with a 0.5-second integration time. Fig. 4 
shows typical moon echoes with a 0.5-sec-
ond integration time. 

pulsed systems 
Let's now consider pulsed systems. Can 

anything be gained by transmitting a high 
ratio of peak-to-average power? The answer 
is a qualified "yes" for the relatively low 
power in amateur transmissions. 

In general, pulsed and cw systems can 
transmit the same information rate if both 
are limited by white noise, and both use the 
same average power, provided each system 
is not limited by path a-m or fm. Both 
pulsed and cw radars perform identically 
with respect to maximum range and time-
to-detection if both use the same average 
power. 

However, for very high average power, 
transmission lines and antennas can't sup-
port the energy without breakdown. It's 
much easier to handle high average power 
if the peak-to-average power ratio is small. 
For these reasons new, long-range, high-
performance radars use the cw mode. 
Range and range rate data are obtained by 
pulse compression at the receiver. 

These radars are sometimes called "chirp 
radars." They transmit a "long" pulse of 
linear frequency. At the receiver the long 
pulse goes into a special filter that has a de-
lay which also changes linearly with fre-
quency to generate a short, high-peak power 
pulse. This overcomes the peak power limita-
tions of the antenna and feedlines. These 
filters are very critical and are not yet within 
the realm of amateur work. 

To show the equivalence of the cw and 
pulsed modes, let me go through an exam-
ple. Assume two transmitters of equal aver-
age power output, no path modulation, and 
both transmitters operating for a 1-second 
interval. Allowable time-to-detection is one 
second. 

Since we have an allowable "waiting 
time" of one second, corresponding to an 
information rate of one bit per second, the 
best pulse repetition rate is one pulse per 
second, because signal power is maximized 
in each pulse. 

The optimum cw bandwidth for a 1-sec-
ond "long" pulse is 1 Hz. (This is again the 
bandwidth of a matched filter.) It can be 
shown1 that the shortest pulse length an 
amplifier c a i produce as useful output is 
equal to 1/B seconds, where B is the band-
width in Hz. Conversely, the bandwidth for 
a pulse of any length, L, that will maximize 
the snr is equal to 1/L. 

For the pulsed transmitter, the bandwidth 
required for maximum i-f snr varies propor-
tionally with the peak power and inversely 
with the pulse length. As the noise power 
increases in the i-f bandwidth, the i-f snr is 
constant for any pulse length between zero 
and one second. On the surface one might 
think that pulse transmission can offer a 
tremendous increase in snr for a given aver-
age power level. Short-duration, high-power 
pulses could be used in conjunction with a 
gate to remove the noise during quiescent 
periods, resulting in a high snr during gate-
on periods. 

In the real world, with path distortion due 
to a-m or fm, it's a different matter. If the 
receiver bandwidth is chosen on the basis of 
the path rather than the desired information 
rate (as in the above example) there is much 
to be gained. 

For the 1296-MHz system, we arrived at 
a bandwidth of 50 Hz for optimum detec-
tion. On the basis of information rate, how-
ever, we could live with a system transmit-
ting one bit per second. For these condi-
tions, then, a system transmitting one pulse 
per second with a pulse width of 20 milli-
seconds would be about optimum. This sys-
tem would have a 17-dB improvement over 
the cw threshold. 
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It may be easy to generate such long 
pulses, but there is also a question of legality 
for that amateur frequency. However, this 
does show what is possible. The mode would 
be legal on 2300 MHz and higher bands. 
The bandwidth of this system is no larger 
than that required for high-speed cw. 

further enhancement of snr 
The comments made earlier about post-

detection systems still apply to pulse trans-

There is one other consideration with 
pulse transmission. The moon is of consider-
able size, and if a short pulse is sent up, the 
pulse will arrive at different points on the 
moon at different times. The reflected pulse 
is therefore stretched out in time. It turns 
out that the reflected pulse width is about 
100 jis, which corresponds to a reflection 
from the near parts of the lunar disc only. 
Also, there's a very much longer tail that 
corresponds to the full radius of the moon; 

MONITOR 

fig. 3. Versatile postdetection system used at WB6IOM. The positions of S1 are A, low sensitivity, fast re-
sponse (0.1 second); B, high sensitivity, slow response (0.5 second); C , maximum sensitivity, slow response 
(2 seconds). D is the echo accumulator position. 

mission. If the i-f snr is not high enough 
with the 17-dB improvement due to pulse 
transmission, the pulse can be integrated to 
enhance the output signal-to-noise ratio. It's 
desirable to gate out the noise between 
pulses, as those intervals don't contribute to 
the signal. The calculation of output snr is: 

S/N0Ut = ( S / N w ) 2 V N l 

where N = number of pulses integrated. 

however, the tail doesn't contain much 
power. 

bandwidth reduction on 
moonbounce 

It would seem, then, that a bandpass filter 
of about 10 kHz bandwidth at the receiver 
should result in optimum snr, but this isn't 
necessarily so. If the transmitted pulse has a 
width of 1 jus, corresponding to a bandwidth 
of 1 MHz, the returned pulse may be ex-
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panded in time without a corresponding re-
duction in bandwidth due to the incoherent 
nature of the moon reflection. 

It's not clear, from any of the papers I've 
read on the subject, as to how much of a 
bandwidth reduction does occur, if any. If 
no significant reduction in bandwidth oc-
curs, pulses less than 100 fis wide aren't de-
sirable since they actually force the receiver 
bandwidth up without the corresponding 
benefit of a short, high-peak power pulse to 
separate signal and noise. 

If a considerable compression of band-
width occurs due to the physical size of the 
moon, systems using short pulse widths may 
be as efficient as systems using longer pulses. 
There are a variety of planar triodes around 
that can generate power at good efficiency 
when pulsed as 2300-MHz amplifiers, so this 
appears to be a useful approach to low-cost 
power generation. It would even be possi-
ble to send short pulses spaced less than 
100 /is and get essentially cw returns. How-
ever, in the absence of hard facts relating to 
the phase coherence of the moon at these 
frequencies, this must await expert opinion. 

voice transmission 
The optimum transmission mode for voice 

signals against a background of white noise 
is still surrounded by a lot of confusing state-
ments, even in the professional literature. 
However, properly defined and stated, it is 
a closed subject. For amateur purposes we 
are interested in a system that requires the 
lowest amount of signal power at the re-
ceiver for good voice intelligibility; not high 

fig. 4. Chart recording of 
moon echoes received by 
WB6IOM on 31 May 1968. 

MAY 31, I96S 0340 GMT 
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output signal-to-noise ratio. Some possible 
transmission modes to consider are single 
sideband suppressed carrier, a-m, narrow-
band fm, wideband fm, pulse code modula-
tion, pulse amplitude modulation, pulse po-
sition modulation and others.2 

If voice transmission systems are com-
pared on the basis of peak and average 
power, ssb is the obvious choice. However, 
a-m is superior to wideband fm and equal 
to narrowband fm, on the basis of the same 
carrier power. 
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fig. S. Signal-to-noise ratio characteristics of vari-
ous modes of communication. 

The advantage of fm, PCM, PAM, etc., is 
that these systems have noise improvement 
properties. In all these systems, the output 
snr may be higher than that of the carrier. 
The price paid for this is a higher signal 
threshold below which there is no intelligi-
bility. Fig. 5 compares the different systems 
qualitatively on the basis of equal input 
power to the receiver. 

While the noise improvement property of 

22 [ jg february 1969 



fm, etc., is important for data transmission 
and high fidelity entertainment, it doesn't 
help the voice intelligibility very much. On 
the graph of fig. 5 the voice intelligibility is 
already near 100 percent before the fm or 
pulse curves result in a larger snr than ssb. 

in summary 
Whether you listen to weak cw signals by 

ear or use a postdetection system and de-
tect the signal by eye, it's extremely impor-

black box contains several sophisticated com-
puters, but it's not in the realm of anything 
as simple as, say, a couple of transistors. 

By the way , it's quite difficult to build any 
system that's better than the human ear lis-
tening to an audio note in white noise. The 
ear acts like a tracking filter with a tracking 
range of about 3 kHz and an instantaneous 
bandwidth of 25 to 50 Hz. From about 200 
Hz to 1 kHz the ear's sensitivity is constant 
and wi l l detect signals with unity signal-to-

fig. 6. Critical bandwidth of the human ear as a function of frequency. 

tant to keep the system linear. The human 
brain is a very complex signal processor that 
can adapt itself optimally to a variety of sig-
nals, but only if you don't make decisions 
for it with relatively unsophisticated de-
vices like level thresholds, keyed oscillators, 
or cl ipping circuits. Avoid all chances of 
cl ipping in the system, and particularly avoid 
level thresholds as in some popular "black 
box" devices. 

The philosophy here is simply this: if you 
put a circuit in your black box that makes 
decisions about the presence or absence of 
signals, then you have presented your brain 
with a problem about which it has no choice 
other than to reject or accept the black box 
decision. This is probably not too bad if the 

noise ratio in a 25-50 Hz bandwidth (fig. 6). 
For signal detection of a carrier in white 
noise, about the best one can do is use a 
maximally flat (less than 1-dB ripple) 100-Hz 
to 1- or 2-kHz bandpass filter, with ear-
phones or speaker that are also flat with fre-
quency. Small resonances or peaks are 
quite distracting, as are some of the shenani-
gans now going on in the sub-bands re-
served for extra class amateurs who are try-
ing to work DX on these frequencies. 

It's a good idea to check your ear for its 
sensitivity peak, because this peak can vary 
from about 200 to 600 Hz, depending on 
your age. Narrowband audio filters can be 
very tiring on the ear, because signal and 
noise begin to sound alike after an extended 
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period of listening (again depending on age 
of ihe listener). These filters are really no 
more sensitive than flat, wideband filters. 

If you are an experienced weak-signal 
operator, you'll also have noticed that the 
brain can make a better decision about Ihe 
presence of a signal if the signal's frequency 
is changing very slowly. (Any DX'er will cer-
tainly recognize this as a subtle phase shift 
between signal and noise; it requires ex-
treme concentration, however.) 

Audible detection of a signal, and copy-
ing it in the form of code, are two different 
things. The signal has to be at least 3 dB 
above threshold and peaked at your par-
ticular aural resonance point before you can 
decipher intelligence. This is because the 
minimum change in signal strength detect-
able by the human ear is 3 dB. The advan-
tage of Ihe posldetection scheme is that 
you can get positive copy, whereas the ear 
can just barely detect Ihe presence of a 
carrier. 

Another point to remember, when using 

ear filtering, is that the bandwidth of the 

ear is very dependent on volume; maximum 

sensitivity is usually at a relatively low vol-

ume when copying ssb and cw signals. 

Carrier and cw detection by means of the 
ear are almost as sensitive as the best post-
detection system known. They have the ad-
vantage of being much less sensitive to fre-
quency instability and tuning errors. How-
ever, full sensitivity can only be realized if 
the system is treated with about the same 
care as a sophisticated high-fidelity receiving 
system. A good system should have separate 
volume adjustment for each ear, some in-
dication of noise level for each ear, and at 
least two filters of 400 Hz and 2 kHz band-
width. Optional would be adjustable fre-
quency shaping to compensate for the dif-
ferent response of the two ears. 
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ham radio 

| large signal vhf/uhf 
transistor 

Motorola has just made the first silicon 

PNP large signal vhf/uhf power transistor 

available to the electronics industry. Desig-

nated ihe 2N5160, it is ihe forerunner of 

several PNP transistors intended to compli-

ment existing NPN devices. The 2N5160 was 

designed specifically as Ihe PNP compliment 

of ihe NPN 2N3866 for use in complimentary 

circuit configurations such as vhf and uhf am-

plifiers. 

This new transistor is very helpful where a 

positive ground must be maintained and 

eliminates many problems with bypass capac-

itors. Other uses for these power transistors 

are in unsaturated switch applications at high-

er current levels than are presently available 

with PNP switches. This transistor features a 

minimum power gain of 8 dB with no emitter 

tuning and 1-watt minimum power output at 

400 MHz. It is suitable for use in class A, B, 

or C output, driver or oscillator applications 

at frequencies up to 800 MHz. The 2N5160 

uses the multiple emitter overlay geometry 

and is available in the TO-39 package. For 

further information and complete specifica-

tions, write to Motorola Semiconductor Prod-

ucts, Inc., P. O. Box 13408, Phoenix, Arizona 

85002. 
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The BC-348 receiver is well known for its 
excellent selectivity and mechanical stability. 
At the same time, this old iron box can be 
an instrument of torture for the user. Some 
of the earlier BC-348's were bedeviled with 
the "scratchy dial" syndrome. This is a phe-
nomenon of unknown origin and is virtually 
impossible to cure. It appears when the re-
ceiver is tuned and sounds like a thousand 
demons rubbing a tin washboard. If you're 
unfortunate enough to have a BC-348 with 
this ailment, and the receiver has a drift 
problem, it can be a real chore indeed to 
keep a signal in the i-f passband. 

In resuming an interrupted conversion of 
the BC-348 begun a dozen years ago, I de-
cided the only way to reduce frequency 
drift: was to reduce internal temperature rise. 
There are several ways to do this. Reducing 
B plus takes off seven watts; a transistorized 
audio circuit eliminates another nine. To re-
duce drift by ten times, however, the power 
consumption must be cut by 90 percent. An-
swer: all transistors. 

If the conversion includes a class-B audio 
amplifier, drain under normal conditions 
would be well under ten watts, and two 
watts of this would be in the pilot lights. Fine. 
Now the question is, how to do this without 
sacrificing any of the features this receiver 
is noted for? 
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choosing replacements 
The BC-348, -312, and -342 receivers use 

rf coils with low-impedance plate windings 
(or taps) and high-impedance grid windings. 
Bipolar transistors might be used by turning 
things around (interchanging grid and plate), 
or junction FET triodes might be used in a 
cascode circuit, as in the H. H. Scott fm 
tuners—two JFET's replace one 6K7. 

However, the RCA dual-gate MOSFET's, 

tiometer was ganged to the tuning capacitor. 
I felt that this was an added complication 
not needed for amateur work, so I cut the 
wires going to the pot and those from the 
pot to the bandswitch inside the coil box. 

Tubes I replaced with FET's were the 6K7 
rf amplifiers, a 6J7 mixer, and GC5 local os-
cillator. Characteristics of these tubes at 18 
MHz are given in table 1 with those of some 
replacement semiconductors. Problems oc-

IC FM 
DETECTS* 

AUDIO 
DERIVED 

AGC 

fig. 1. Simplified block diagram of the solid state BC-348 receiver. In the actual receiver, the audio-derived 
age circuit is switched out of the system in the a-m mode. 

recently put on the market at a reasonable 
price, have the correct input and output im-
pedances for this use and afford a gain con-
trol with lower distortion products. It turns 
out that the 3N140 MOSFET, at rated current, 
has about five times the transconductance of 
the 6K7. The relatively low output impedance 
of the 3N140 (table 1) is not objectionable 
when used with low-impedance inputs. 

Because of the interstage coupling, stage 
gain in the BC-348 receivers increases from 
the low to the high end of each band. In 
some receiver models a gain control poten-

curred with rf gain, rather than with inter-
electrode capacities, because of signals feed-
ing back along the tuning capacitor rotor 
(from gang 3 to the antenna section, for in-
stance) before other effects showed up. Also, 
the 3N140 will oscillate enthusiastically at 
any frequency up to 300 MHz as I found out. 

The extra resistors and capacitors in the 
circuit are mainly to kill various sorts of vhf 
parasitics. In order to get the rf gain down 
where it belonged (high rf gain will also 
cause difficulty with mixer overloading) it 
was necessary to put capacity voltage dividers 
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I IfBWITE BEAD 

CI SETS CRYSTAL ON 
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fig. 2. Schematic diagram of the solid-state BC-348. Coils in the rf section are shown for one band only; band-
switch shaft end should be grounded with a spring to remove 144-MHz birdies. Resistors are V4-watt com-
position unless otherwise marked; 1% resistors are t/S-watt metal-film types (RN55 or RN60). Polarized ca-
pacitors less than 25-^F are tantalum types (150D or CS13); aluminum electrolytics are ok if not used for age 
or audio coupling. 

at the input of each 3N140. Because the 
semiconductor triode noise is lower than 
that of the 6K7, the measured noise figure 
of the modified receiver was somewhat bet-
ter than the original, even though there 
wasn't always a peak in noise as the antenna 
trimmer was turned. 

Gain control is provided by changing the 
bias on the second gate. Insulated gates 
don't draw current, but the control voltage 
should be + 4 V for maximum gain, and 
complete cutoff is obtained at —3 V. The 
first gate is returned to ground. There's no 
chance of rectified current causing the 
whole receiver to block when the rf stage 
conducts (a common cause of receiver 
overload). 

A triode FET can replace the 6J7 mixer. The 

high feedback capacitance is a minor prob-

lem so long as the input and output circuits 

are tuned to widely different frequencies. 

The conversion gain is a function of the 

available oscillator drive power. With enough 

injection the mixer gain could be ten times 

that of the original. To replace the 6C5 os-

cillator a low-transconductance triode FET 

is needed, as discussed below. 

I went to double conversion to obtain 

better selectivity. If 455-kHz filters were to 

have been used, I would have moved the 

first i-f to 930 kHz or higher in order to 

avoid two intermediate frequencies in har-

monic relationship. O f course (he second 

oscillator would have been put on the high 

side. (Think where the image would be if it 

were on the low side.) However, I had some 

250-kHz mechanical filters on hand. The 

point of this conversion was, after all, to use 

the six-band, fwenty-four-coil tuning appara-
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tus of the original receiver with as little 
modifications as possible. 

Fig. 1 is a block diagram of the complete 
receiver, including auxiliary features (to be 
covered in another article). Everything fits 
inside easily. Fig. 2 is a schematic of the 
main rf and i-f circuits. 

input circuit 
The antenna input starts out with a low-

pass filter, with nominal cutoff at about 30 
MHz. Aside from obvious advantages if you 
are near strong TV stations (I am), there are 
also less "birdies" when the receiver is used 
with a vhf converter. Because of the input 
coupling method in this model receiver, the 
filter is especially important. 

There is a protective diode clamp on the 
antenna coil. 6BA6 rf amplifiers will stand 

several hundred volts swing without dam-
age. If the grid return resistance is high, how-
ever, the diode is essential because the in-
sulated gate FET is rated for only a few tens 
of volts peak. A type 1N914 of any manu-
facture will have fow loss at 12 volts of re-
verse bias. The added capacitance is about 
1 pF. 

The change of drain (plate) current in the 
first rf stage is used to indicate signal 
strength. Because of the slope of the 3N140 
control characteristic, the meter scale is non-
linear in dB, even with the diode in the cir-
cuit. Other approaches, including a separate 
signal indicator channel, were less satis-
factory.* 

* The use of an s-meter as a quantitative measuring 
device for received signals is open to question, but 
an s-meter is fine as a tuning indicator. Editor 
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local oscillator 
The local oscillator FET socket is supported 

by its leads, which pass ihrough the keyway 
from the octal socket pins. The 6C5 ran at 
around 90 volls, w i th a starting gIn of less 
than 2 mill imhos. I tried various adaptations, 
and found that " h o t " FET's (those having 
'•"H'1 I.jhh* a r | d a high zero-bias gni) were 
noisy and unstable, especially at about 15 
MHz. 

Good results as a local oscillator were ob-
tained wi th the Motorola 3N126 and some 
MPFIO.Vs. The 3N126 was used wi th the 
second gate (substrate and case) hooked to 
source. If a MOSFET is used, something like 
a 1N34 would be needed to generate "gr id-
leak" bias.1 

In the original oscillator the grid leak was 
100k ohms. In the course of chasing troubles 
I changed the value (o 47k, but 100k prob-
ably would be satisfactory. The 15k mixer 
cathode resistor, also inside that box, prob-
ably would be satisfactory without change, 
although mixer FET's having very high l lJs„ 
wou ld be more suitable in that case. The 
3.3k resistor I used was based on experience 
wi th the breadboard model of the second 
converter. The 33- (or 47-ohm) resistor in 
series wi th the gate lead of the oscillator can 
be put in between the octal socket fpin 5) 
and the transistor socket. 

mixer 
The mixer proved to be rather critical as 

to the FET that was used. For type MPF1G3 
the l l l s s range is 1 to 5 mA; for the 2N3819 
it is 2 to 20 mA. I found that anything be-

tween 1 and 4 mA worked in my receiver, 
but the higher-current units gave a bit more 
gain. Still higher ldmi units had low gain and 
were noisy in this socket. Other places in the 
receiver are not so finicky in this respect. I 'm 
not worrying about spares: if the FET's last as 
long as 6SK7's, I ' l l need another one in 1990. 

In a double-conversion receiver, there 
should be as much selectivity at the first i-f 
as other considerations permit, and as l i t t le 
gain between the first and second mixer as 
possible without compromising noise figure 
(but in no case less than unity gain, or the 
first stage wi l l overload before the second). 
A few calculations show that three very 
high-Q tuned circuits wi l l reject the nearest 
spurious response (789 kHz), but four tuned 
circuits of moderate Q wi l l do even better. 

I could have used two of the original cans, 
but I rewound a couple of miniature J-trans 
to save space. (For details on how to adjust 
the coupling using a Q-meter, see reference 
2.) The " tee" of capacitors between the cans 
is used in setting up the gain, as the cou-
pl ing factor between pairs is much less than 
critical. The shunt capacitance is that of the 
coax running from the rr board to the sec-
ond converter module. 

second conversion and 
detector stages 

The second mixer and oscillator are built 
on a small plate that fits in place of the 
original output transformer. The values were 
juggled to get best operation wi th the FET's 
and crystal I had. Wi th my setup, the oscilla-
tor drain swing was about 9 V p-p, and the 
mixer developed no rectified bias across the 
220k resistor. 

Strong second oscillator harmonics were 
found at the mixer output and on the B-
supply lead beyond the feed-through capaci-
tor. The additional rf choke and capacitor 
fixed the power-lead leakage, whi le the 
natural attenuation of the mechanical filter is 
enough protection for the output harmonics, 

* I is a common classification parameter, mea-

sured by shorting the gate to source and applying 

5 to 10 V lo the drain. Thus by definition, I , is the ' ilss 

drain-to-source current when the gate-to-source volt-

age is zero. 
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table 1. comparison of tube and semiconductor characteristics. 

eq 
V B •B ht C F B K R , n R „ out (noise) 

Type (volts) (mA) (millimho) (pF) at 18 MHz (ohms) (ohms) 

6C5 tube 80 £ 2 2 50k 10k — 

8J7 tube 100 2 1 0.005 60k 800k 10k 
6K7 tube 100 9.5 1.6 0.005 50k 150k 15k 
2N2084 padt 12 1 34 2.0 800 40k 200 
3N126 jfet 12 2 1.4 0.5 25k 30k — 

3N128 mosfet 15 2 4 0.2 100k 80k — 

3N140 mosfet 12 10 8 0.02 100k 12k < 1 k 
MPF103 jfet 12 2 3 2 100k 50k < 2 k 
40481 npn 7.5 2 84 0.2 1500 50k 200 

if the filter input terminals, etc., are well 
shielded. 

Second mixer output is parallel-fed via a 
choke and blocking capacitor to the filter 
switch. Either the 3-kHz or the 8-kHz band-
pass filter may be selected, the other one 
having its terminals shorted. 

The ouput section of the switch (8 pole, 
5 position) goes to a feedback amplifier that 
has a high-impedance input and a gain of 
ten, followed by a potentiometer that per-
mits the background noise level to be ad-
justed without modifying the age action. The 
range of the control is 23 dB. 

The stage following the gain control is 
the third 3N140. It is coupled by an auto 
radio i-f can, padded down from 262 to 250 
kHz with additional 22-pF capacitors, to the 
product detector and to an i-f power amplifi-
er that drives the diode detector. The two 
i-f cans shape the top of the passband in the 
8-kHz bandwidth a-m position to get the best 
weak-signal a-m reception. (This seems to 
want a rounded top, symmetrical, down 
about 6 to 10 dB at 3-kHz off center.) 

The front-panel switch selects five com-
binations of bandwidth and detection, as 

per table 2. The age source for a-m is the 
diode detector, but for sideband and C W 
reception age is derived from rectified 
audio, so that the effect of audio selectivity 
is included. 

mode-selection circuit 
The mode switch is shown for 8-kHz band-

width a-m reception, with age in operation. 
The second-gate control voltage on the three 
3N140's varies from plus three or four volts 
with no signal to negative two or three on 
very strong signals. The loop gain is high, 
giving a dynamic range of 40 dB. The first 
volt of bias change makes very little change 
in receiver gain, but the squelch operates 
reliably at that point. 

age/mve 
In the gain control circuit the two dc am-

plifiers, one to handle age and one for 
manual control, are hooked to a transistor 
that supplies —4 V to the emitter returns and 
which, incidentally, provides temperature 
compensation—a sort of three-transistor 
differential amplifier. 

A negative voltage supply makes the am-

iable 2. Mode switch setup. 

function FM-8 AM-I 

filter (kHz) 8.5 8.5 
200-Hz audio filter no no 
age car car 
B + to S S B and bfo off off 
audio from fm a-m 
B-f- to fm dot on off 

notes: 
t. SB1-SB2 (SB1 is lower 40-75, upper, 20) 
2. Agc-off-mvc functions similar to original. 

mode 
AM-3 S S B CW REMARKS 

3 3 3 4 - poles 
no no yes 1 - pole 

car af af 1 - pole 
off on on 

a-m prod prod 1 - pole 
off off off 1 - pole for 
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plifier practical and is a handy way lo make 
dc level changes without extra stages. Also 
the audio stage operating point is centered 
automatically. 

The audio-derived age voltage is from a 
little three-transistor feed-back amplifier 
(with automatic temperature compensation; 
again, this is from the pnp follower driving 
the npn stage) and a voltage-doubling rectifi-
er. The attack time is fast for small changes, 
but the maximum effect from a single pulse 

there would be worse thumping at the be-
ginning of a sideband transmission. If the 
action is too fast, there may be a stability 
problem or there may be a tendency for the 
receiver to block on a burst of QRM or ig-
nition noise. 

For fm reception, a Sprague integrated 
circuit is used, type UI.N-2"mA. This has a 
bunch of emitter-coupled clipping amplifiers, 
a rather fancy six-transistor phase detector, 
and various diode bias networks. All that 

Chassis view of tho revamped BC-348 shows the new mode switch and two mechanical fillers. The power sup-
ply and audio circuits occupy the old dynamotor space; (he plug-in board contains voltage regulating and 
low-level audio circuits. 

is limited by a 0.1-microfarad capacitor that 
couples the amplifier lo the rectifier, while 
the rectifier has fifteen microfarads to charge 
up. 

For 1 -kHz CW tones, this means that 1 Hz 
makes a maximum difference in charge of 
the 15-/xF capacitor of 10 V times 0.1 divided 
by 15, or 0.067 V. However, the gain of the 
dc amplifier after that is considerable, and 
gain changes of 20 to 40 dB/millisecond can 
be obtained. If action were much slower, 

is required outside is a single-luned circuit. 
(A typical transistor radio i-f can is suitable; 
just use the high impedance winding, padded 
to frequency with external capacitors and 
some by-pass capacitors.) The output in my 
receiver swung three volts peak-to-peak for 
a signal moving across (he 0-kHz filler. When 
the signal was injected after the filter, an 
s-shaped curve about "18-kHz wide was ob-
tained, with an amplitude of more than five 
volts peak-to-peak. 
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For manual gain control {1 happen to like 
to dive for the same volume control knob 
whether age is on or not), the age circuits 
are still operative to prevent blocking on un-
expectedly strong signals. The audio gain is 
high enough so that normal operation is in 
a region where the age threshold is not ex-
ceeded. Because of the highly nonlinear con-
trol function (dB versus control volts), tapered 
sections are used for both audio and manual 
rf gain. 

diodes. However, 1N914's could be used in 
place of the 1N457's as well. 

The 2N2925's and 2N2924's were actually 
the green- or yellow-coded 2N2926's, while 
the brown- and red-coded 2926's were used 
for bias compensation diodes, labeled "BD." 
You get 25 assorted for $7.25.** You'll be 
able to use 20 if you're crazy enough to 
copy this receiver. 

There are also two 2N3638's, three 
2N4122's (two in the calibrator, which is 

fig. 3. Integrated-circuit fm detector using a Sprague ULN-2111A. This circuit provides 3 volts p-p output with 
1 millivolt input. 

I found that a dual 100k audio taper unit 
was satisfactory; the value could be as high 
as 250k and as low as 50k with a few minor 
adjustments. A stereo amplifier control should 
be adequate. The reserve gain pot in the 
250-kHz i-f amplifier could have either a 
linear or audio taper such as used in transis-
tor radios. 

The rest of the controls (for age thresholds, 
product detector bias, manual volume con-
trol "off" bias,* and the power supply volt-
age setting) can be any handy trim pot, either 
surplus from computer cards, or small trim-
mers such as the IRC 2CI or Mallory MTC. 

bfo circuit 
High-speed computer diodes such as the 

1N903 or 1N914 are used for the input volt-
age clamp and the bfo crystal switch; I used 
1 N457's or 1N629's for other spots, as I had 
them, and I felt that there was less chance 
of generating harmonics with the "slow" 

mounted on the rf panel near the input) and 
six pnp's, which could be either type. The 
first type costs fifty cents; the second eighty. 
(The whole count is 50 transistors and FET's, 
16 various diodes, and one integrated cir-
cuit.) 

audio section 
After the mode of reception is selected 

(with or without narrowband C W filter), the 

signal goes, via the audio gain pot in the 

age position, to a source-follower first audio 

stage, an active low-pass filter, then to a com-

plementary class-B output stage. The squelch 

is in the active filter section. The circuit is 

* Minimum gain setting must be at minimum gain 
bias. 

** Available from Allied Radio Corporation, 100 N. 
Western Avenue, Chicago, Illinois 60680. Order stock 
number 49F3-2N2926. Kit of 25 is $7.25 plus postage. 
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similar to one previously described.3 

The power regulator, power transformer 
(Triad F-40X 26 V, 1 A center-tapped), squelch 
control, and all except the first audio are 
mounted in the space vacated by the dyna-
motor. The high-power transistors are on 
the subchassis (insulated by mica washers), 
and the low-power circuits are on a plug-in 
card (very easy to pull out and change). 

selectivity filter 
The C W filter is switched into the sideband 

channel for more selectivity when needed. 
The values seem reasonably satisfactory in 
practice, although the filter performance has 
not been measured in place in the receiver. 
Any other narrowband audio filter of ten or 
twenty thousand ohms impedance should 
do as well. Obviously, an extra amplifier 
stage could be put in the chain if the filter 
on hand was of lower impedance, as the 
method of switching makes this practical. The 
audio age is based on what passes through 
the filter, so it can be used even under quite 
rough conditions. Because the squelch can 
also be used in this mode, I have been able 
to find a fairly weak (though stable) signal 
and park on him with the receiver on 
squelch, waiting to get a chance to work him. 

crystal calibrator 
The crystal calibrator is almost a necessity 

in a wide-range unit such as the BC-348. It 
appears that there would be some benefit in 
making a more complex calibrator, such as 
a 200-50-10 kHz type. Higher output than ! 
have is desirable when running some con-
verters, but I haven't done anything about it 
as yet. 

in retrospect 
The main problems with transistors almost 

always stem from overloading and tempera-
ture variation. Resolving the overload prob-
lem takes effort: care to see that the last 
i-f amplifier, for instance, is capable of driv-
ing the second detector hard enough, so 
that the second detector can generate enough 
age voltage, so that it won't be driven too 
hard—like a tight servo system. (The more 
I read that the more I wonder if the Eng-
lish language is up to today's problems.) 

What all this means is that the last i-f stage 
should be designed for best power output, 
not best gain. Also, it means that age can't 
be used on the last i-f stage. (Auto radios 
with one i-f stage have some rather fancy 
solutions to this problem.) 

Another device to reduce overload is feed-
back. At " low" frequencies (under a couple 
MHz for today's transistors), feedback will 
hold gain and bias constant despite tempera-
ture variation. Distortion will also be kept 
low. 

0.065 p 
(PLUS .001 jjF 
AT PROD DET) 

[ac 

-L-* 
- X 

ZH 0.033 

- X . 

fig. 4. Audio CW filter with nominal 700-Hz center 
frequency and 160-Hz bandwidth. Inductors are Triad 
epoxy-molded toroids with Q of 50 to 80 at 1000 Hz. 
Capacitors are mylar insulated. 

In many places where dc levels are critical, 
differential amplifiers are used. The drift with 
temperature of one transistor is balanced al-
most exactly by another of the same type. 
In other circuits, a diode-connected transis-
tor (or any diode) is used as part of the dc 
bias circuit, so that temperature effects of the 
transistor are pretty well cancelled by the 
diode as it conducts a few mA in the forward 
direction. In class B or AB circuits this is 
particularly important. For best results, the 
bias diodes must be placed physically so thai 
they are at about the same temperature as 
the power transistors. 
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power supplies 
for 

single sideband 

A power supply's a power supply. Or, so it 
seems. But not all of them suit all pur-
poses. Sometimes extra demands are made 
on power supplies for single-sideband 
equipment—such as wider regulation, mul-
tiple voltages, cleaner filtering, and so on. 
That's why these dc supplies deserve spe-
cial attention. 

First, though, it's just as well to review 
the characteristics common to all power 
supplies. What are they supposed to do, 
and how do they go about it? 

Mainly, the power supplies in ham 
equipment furnish dc voltages to operate 
tubes and transistors in the stages. Circuits 
may need positive voltages or negative 
voltages, high voltages or low voltages, 
high currents or low currents. The power 
supply generally converts 117-volt ac pow-
er to the needed dc voltages. 

A power supply also furnishes certain 
specific ac voltages. The power transformer 
usually develops them with an extra wind-
ing or two; you don't even notice them. 
Without them, though, tubes wouldn't get 
proper heater voltages—and sometimes re-
lays wouldn't work. 

getting the voltage you want 
High-power ssb transmitters naturally 

need much higher voltages than those 

needed by, say, a receiver. Transistor 
equipment needs lower voltages. There are 
three chief methods for getting the exact 
voltage needed by each stage of a trans-
mitter or receiver. 

The first way is by transformer. By speci-
fying transformer windings with certain 
turns ratios, the ssb-equipment designer 
gets a range of voltages. After the ac volt-

8 ages are at the right values, they can be 
$ changed to dc. 
£ A step-down turns ratio of 117:6.3 sup-
s plies the ac voltage for most parallel-
S wired tube heaters. If a special transmitter 

tube needs 5 volts or 10 volts for its fila-
s ment or heater, a winding ratio of 117:5 or 
•g 117:10 is used. For higher voltages, set-up 
® ratios are used. For 350 volts, a turns ratio 
a? of 117:350. For 1000 volts, a ratio of 
| 117:1000. 
^ As the transformer schematic in fig. 1A 
5 suggests, any reasonable number of wind-
£ ings can be included in a single housing. 
^ Also, as fig. 1B illustrates, one winding can 
0 be tapped to provide several voltages. The 
(3 transformer method is expensive, but it's a 
s " practical way to step the power-line volt-
60 age either up or down. 
1 The second way to get specific dc volt-
S ages from a power supply is by resistive 
£ divider. This method is used after the volt-
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age has been changed from ac to dc. A 
drawback is that you can only step volt-
ages down—not up. 

The power transformer steps the power-
line ac up to the highest voltage desired. 
After the ac is changed to dc, the dc volt-
age is fed to a series of resistors; the volt-
age divides across the resistors, in propor-
tion to the resistance values. An example 
of this appears in fig. 1C. 

The third way to get the voltage you 
want is by voltage doubling. This is a trick 
that builds voltages up in value, but can't 
step them down. Voltage doubling is done 

fore the dc is fit to use, the ac must be re-
moved; electrolytic capacitors and filter 
chokes do this. The output of a rectifier-
filter combination is relatively pure dc. A 
simple example appears in fig. 2. 

The dc output voltage depends mostly on 
how much ac is applied to the rectifier. 
The line voltage can be applied directly, 
as it is in fig. 2, or, ac can be applied from 
a stepup winding of the power transformer 
to make the dc output voltage greater. Ac 
can also be applied from a stepdown 
winding, as it is to develop low-voltage dc 
for powering transistors. 

5 VAC 

T 
TOO VAC 

1 1 

ISO VAC 

SO VAC 

SO VAC 

> 30 VAC 

^ S3 VAC 

T 
ZOO VAC 

aô vac 

-O 730 VDC 
HIGHEST 
DC VOLTAGE 
FROM RECTIFIER 

-o goo voc 

fig. 1. There are several ways to get the voltage you need; by selecting the power transformer, by using a 
tapped secondary or with a resistive voltage divider. 

in the rectifier part of the power supply. 
The result is a dc voltage that's twice the 
value an ordinary rectifier would produce. 
Where especially high voltages are needed, 
tripling and quadrupling can be arranged. 

In commercial ssb equipment, you'll find 
combinations of these three ways. Each 
has certain advantages, and in combina-
tions they are versatile. You should con-
sider all of them for homebrew ssb gear. 

from ac to dc 
Ac power is changed to dc power by 

rectifying and filtering. A tube or semicon-
ductor is the rectifier. Nowadays, semicon-
ductors are more popular. The rectifier con-
ducts on half of each ac cycle and blocks 
on the other half. The output is pulsating 
dc—which is dc voltage with a rather 
large ac component still riding along. Be-

The dc output is usually slightly higher 
than the measured ac voltage applied to 
the rectifier. The output of fig. 2, for exam-
ple, is about 135 volts dc, although the in-
put is only 117 volts dc. That's because the 
output depends on the peak value of each 
cycle, whereas the measured ac voltage is 
rms or effective value. 

fig. 2. Simple half-wave rectifier circuit 
with capacitive input filter. 

FILTER 
RECTIFIER CHOKE 

FILTER CAPACITORS 
(ELECTROLYTICS) 
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Rectifiers are broadly categorized as 
half-wave and full-wave. A half-wave cir-
cuit is shown in fig. 3A. Hatf-wave recti-
fiers waste one half-cycle of the input 
waveform. Both halves are applied, but 
only one can pass. In fig. 3A it is the posi-
tive half, because of the direction the rec-
tifier diode is connected. The filter capac-
itors and choke smooth out the deep rip-
ples, leaving a positive dc voltage with al-
most no ac in it. 

A full-wave rectifier is shown in fig. 3B. 
It requires a center-tapped transformer 
winding; the center tap is grounded in this 
version. 

Considering the whole secondary wind-
ing, each positive half-cycle makes the top 
rectifier conduct and each negative half-
cycle makes the bottom one conduct. With 
respect to ground, however, both rectifiers 
receive a positive half-cycle. The combined 
output of the two rectifiers is a series of 
positive half-cycles. The full input wave is 
used, instead of just half of it. The filters 
make the output nearly pure dc. 

A bridge rectifier circuit is shown in fig. 
4. This one is a full-wave system because it 
uses both half-cycles. Compare this trans-
former with the one in fig. 3B, and you can 
see why the bridge circuit is popular. The 
280 volts dc output is obtained with a sim-
ple 250-volt transformer instead of a cen-
ter-tapped 500-volt unit. 

One more circuit that converts ac to dc 
is the doubler. There are two common 
kinds, both shown in fig. 5. The one in fig. 
5A is a half-wave doubler. Consider the 
bottom of the secondary as a reference 
point. The first negative-going half-cycle 
charges C1 through D1; D2 can't conduct 
because the voltage is in wrong polarity. 
Then, the positive half-cycle that follows 
charges C2 through D2. The previously 
stored charge on C I is in series, and it 
adds to the positive half-cycle. The charge 

that develops across C2 is therefore double 
what it would otherwise be. This doubled 
charge is applied to C2 with each positive 
half-cycle; the negative half-cycle doesn't 
affect C2 at all—only C I . The output is 
therefore a half-wave pulsating dc voltage 
almost double the peak input ac voltage. 

The full-wave doubler in fig. 5B 
uses both half-cycles. Each positive half-
cycle charges C2, because D2 can conduct. 
The negative half-cycle that follows then 
charges C1, because D1 can conduct. Each 
half-cycle of the input wave therefore 

Z70V0C 

* rh rh 

-Of 280 VOC 

fig. 3. Two types of rectifier circuits—half wave in 
A and full wave in B. 

charges one capacitor or the other. The 
output is taken across the two capacitors 
in series, so their voltages are added. The 
output is a full-wave pulsating dc voltage 
that's about double the peak input ac 
voltage. 

the current you need 
Transistors don't require much dc cur-

rent in most uses. Tubes used as small-

fig. 4. The full-wave bridge 
rectifier. 
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signal amplifiers need more; tubes for re-
ceiver power amplifiers need still more; 
tubes in transmitters need even more; and 
transmitter power tubes need plenty. Single-
sideband linear power amplifiers don't use 
as much average current as their a-rrs or cw 
counterparts, but their demands during 
modulation peaks are even greater. 

The range of current that single-side-
band power supplies must furnish is wide, 
then. Three factors about a dc power sup-
ply determine its ability to deliver current 
without overheating or damage: the trans-

ieo 

CI 02 

p • • O (300 voc 

500 VAC Z 01 
T 

c 

o voc-j 

O 1300 VOC 

r h 

fig. S. Here are two circuits which rectify the ac 
voltage and double it at the same time. 

former-winding current rating, the rectifier 
current rating and the size of the filter 
capacitors. 

When a designer knows how much cur-
rent all the tube plates and screens draw, 
he picks a rectifier (or group of them) that 
can handle the current. The rectifier must 
also be able to withstand the voltage that 
is to be applied. (Rectifier diodes can be 
wired in series to increase voltage rat-
ings.) Then the designer picks a transformer 
that supplies enough ac voltage to develop 
the maximum dc voltage needed and 
makes sure its windings are rated to carry 
the needed current. 

Filter capacitors store electrons that will 

be drawn from the power supply as cur-
rent. If the filters are small and the cur-
rent drain is heavy, the pulsations of dc 
don't have time to "fill them up;" the cur-
rent keeps being drawn out too rapidly. 
Larger capacitors store more electrons, and 
current demands don't deplete them be-
tween half-cycle pulsations. 

Full-wave rectifier circuits supply more 
current than half-wave circuits. Their pul-
sations are twice as frequent as those of 
half-wave rectifiers, so they keep the filters 
charged up better. 

Voltage doublers reduce the current a 
rectifier can supply. Double the voltage, 
and you halve the current that can be 
drawn safely. From a tripler, only a third 
as much current is available as from the 
same set of components in a simple recti-
fier and filter. 

smoothing it out 
Getting rid of whatever ac is still a part 

of pulsating dc is the job of the filter ca-
pacitors and choke. The larger the capac-
itance is, the less ac gets through. Also, the 
larger the choke inductance, the smoother 
the dc that results. 

Some typical pi-network power-supply 
filter circuits are shown in fig. 6. The input 
filter {CD has a lot to do with the output 
voltage. The larger it is, the higher the dc 
—up to nearly the peak value of the in-
put ac. The output filter controls how much 
current the supply can furnish without leav-
ing a lot of ac ripple. 

Aside from their effects on voltage and 
current, the two capacitors cut down rip-
ple. They are low impedances for power-
supply ac. The input capacitor "shorts" a 
lot of the leftover ac (from the rectifier) to 
ground. The choke has a high impedance 
to ac but passes the dc easily if it's rated 
to carry enough current. The output capac-
itor then "shorts out" any remaining 
ripple. 

When not too much current is to be 
drawn, a wirewound resistor can take the 
place of the choke. Fig. 6B shows the cir-
cuit. The resistor isn't as effective as a 
choke, but it works. 

The diagram in fig. 6C shows the elec-
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trolytic capacitors "upside down." That's 
because the input is negative pulsating dc. 
Eiectrolytics are polarized and must be 
connected correctly. The output is smooth 
negative dc. 

dc plus or minus 
The last power-supply characteristic we'll 

review is polarity. In tube-type ssb re-
ceivers, the voltages needed most are for 
plates and screens; the supplies therefore 
supply positive voltages. Transmitters and 
linear amps sometimes need high negative 
bias voltages, so the power supply must 
develop a negative output voltage. Tran-
sistors, too, may demand negative supply 
voltages—usually much lower than those 
for biasing tubes. 

Polarity of the dc output from a power sup-
ply is determined by the direction in which 
the rectifier is hooked up. If the cathode (bar) 
is on the side toward the output or the 
filter network, the output is positive. If the 
anode is in that direction, the output is 
negative. The sketches in fig. 7A show both. 

There's another way to get negative volt-
ages, without using a separate rectifier. 
It's diagramed in fig. 7B. This is an ordi-
nary positive-output dc supply, furnishing 
105 volts dc across the output filter. The 
bottom of the transformer secondary is not 
grounded; instead, the ground point is be-
tween the two resistors that form a bleeder 
across the output. 

Dc voltages for stages in modern equip-
ment are measured with respect to ground. 
A voltmeter connected to the bottom of the 
bleeder in fig. 7B measures —5 volts dc. 
Thus, by the simple trick of moving the 
ground point up the bleeder chain, a nega-
tive voltage becomes available. In ssb 
equipment that requires both positive and 

negative supply voltages, this is a favorite 
way to get them. 

ssb power supplies at work 
The power supply in fig. 8, chosen from 

an ssb receiver, demonstrates many of the 
principles just discussed. The main supply 

POSITIVE (*) 
OUTPUT / 

n 
i i 

NEGATIVE 1-1 
OUTPUT A 

POSITIVE WITH 
RESPECT TO GROUND 

100 voc 

NEGATIVE WITH 
RESPECT TO GROUND 

fig. 7. Positive and negative voltages 
with a single rectifier. 

is a full-wave rectifier. D1 and D2 supply 
positive-going pulsations to a large input 
filter. With 180 volts ac from each trans-
former winding, dc across the output filter 
is 195 volts. 

Some circuits in this receiver need close-
ly controlled voltage. So, a regulator tube 
holds the output at the end of the 4k re-

fig. 6. Pi-network power-supply filters. 
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sistor at exactly 150 volts—no matter how 
much current is drawn from that branch of 
the supply (up to 35 mA). 

Also, a negative voltage is needed. For 
it, the lower half of the secondary winding 
applies 180 volts ac to a resistive voltage 
divider, lowering the ac voltage applied to 

fig. 8. Power supply for an ssb receiver 
demonstrates many of the power-supply 
principles discussed in the test. 

D3. The rectifier is connected for anode-
output, so it supplies negative pulsations 
to its filter network. The capacitors, con-
nected for negative output polarity, work 
with the 12k resistor as a pi-network filter 
to smooth out any ripple. The output is 
—60 volts dc. 

One transmitter supply uses some in-
teresting variations. Take a look at fig, 9. 
The arrangement is part full-wave doubler 
and part ordinary half-wave rectifier. The 
rectifier diodes are in series merely to in-
crease their voltage rating, so less-expen-
sive diodes can be used. 

First, the half-wave circuit. It consists of 
D3, D4, the full transformer winding, and 
filter C2. When the top of the transformer 
winding is negative with respect to the bot-
tom, D3 and D4 can conduct, charging C2. 
On the next half-cycle, when the top is 
positive-going, they can't conduct. No more 
voltage is added to C2, nor can it dis-
charge through the rectifiers. Thus, a train 
of positive half-cycles applied to C2 de-
velops a positive pulsating dc voltage 

there. The capacitor is large enough that 
the pulsations are mostly smoothed out. 
The output is about 260 volts of fairly 
smooth dc. 

The 200-ohm resistor and C3 form a pi-
network with C2. The network smooths 
most remaining rippte out of the dc. Also, 
the 200-ohm resistance, with current flow-
ing through it, drops the output voltage for 
this branch to 190 volts dc. 

During the half-cycle when the top of the 
transformer winding is positive, the 180-
volt center tap is also positive with respect 
to the bottom end. Rectifiers D1 and D2 
can conduct with this polarity of voltage 
applied; they do, and charge C1. The 
peaks of these positive cycles reach about 
250 volts. Capacitor C1 smooths out the 
pulsations and leaves an average dc volt-
age of about 200. 

With respect to ground, C1 and C2 are 
in series, so the dc voltages across them 
add. The dc output is 260 volts (C2) plus 
200 volts (C1), or 460 volts. The C1 voltage 
is developed during one half-cycle, and the 
C2 voltage is developed during the other— 
which makes the 460-volt output a result of 
full-wave rectification. 

ssb on wheels 
Single-sideband is a natural for mobile 

operation. Transmitting efficiency is high, 
which helps overcome the limitations of 
available power for the rig. In fig. 10 is a 
supply that converts 12 volts dc to high-
voltage ac and then back to even higher-
voltage dc. 

fig. 9. Interesting transceiver power sup-
ply provides three positive voltages. 
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The part of this circuit that turns dc in-
to ac is called the inverter. The two pnp 
transistors are switches that alternate in 
conducting current, each through its own 
part of the primary winding. To begin the 
action, when 12 volts dc is first applied to 
point A, one transistor can conduct slight-
ly better than the other, so it dominates. 
Suppose Q2 is that transistor. 

Current flows through the winding from 
A to B to C and to ground through the 195-
ohm resistor. A magnetic field builds up 
around those portions of the windings. The 

cyclic rise and fall of the magnetic field 
around the primary winding. That's ac. 

The secondary of this transformer is a 
stepup winding for developing a high ac 
voltage. Its efficiency is improved tremen-
dously by "tuning" it with a capacitor— 
the 470 pF. The output of this winding is 
about 1000 volts ac. 

The rectifier diodes are series-connected 
in two banks of six each, called stacks. 
The series connection divides up the volt-
age across each rectifier. The two stacks 
make a full-wave doubler, producing an 

levoc-

fig. 10. Mobile dc-to-dc converter that provides 2300 volts output from a 12-volt battery. 

base of Q 2 is a little less positive than the 
emitter, forward-biasing the pnp transistor. 
The collector, being grounded, is the most 
negative. Q2 conducts more and more 
heavily. 

Whenever a magnetic field is expanding, 
it creates a counter-force that's opposing. 
When current in Q2 reaches saturation, the 
magnetic field stops expanding. The coun-
ter-force takes over and starts cutting 
down current in Q2 and in its winding sec-
tions. This reduction continues until Q2 is 
cut off by the reverse-bias that's self-in-
duced by the winding. 

Meanwhile, Q1 was kept cut off by the 
current rise that made Q2 conduct, because 
the two transistors are wired in opposite 
phase from each other. Once current in Q2 
starts diminishing, however, current in Q1 
starts rising. That makes current in the up-
per half of the winding increase, which raises 
the magnetic field around that half. 

The result of this push-pull switching is a 

output of 2300 volts dc. As you probably 
guessed, the capacitors are wired in se-
ries—three to a stack—to permit using 
lower-voltage types. (High-voltage capacitors 
are very costly.) 

The bottom secondary winding is con-
nected to a negative-output rectifier, and 
supplies —130 volts ac. This is a bias volt-
age for the high-power ssb transmitter this 
power supply works with. 

dc power for transistors 
For operating transistors, input ac is first 

stepped down, then rectified. For critical 

transistor circuits, the low dc output may 

also be regulated. The power supply in fig. 

11 combines all three features. 

There's something odd in fig. 11: tran-

sistors are used as rectifiers! This is the 

ac-input version of a supply that can also 

be used on 12 volts dc. The dc mode uses 

transistors Q1 and Q2 for inverting dc to 

ac. They're big, husky transistors, so why 
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not use them as rectifiers, too, and take 
advantage of diode action between their 
bases and collectors? 

After full-wave rectification, the dc is 
smoothed by filter capacitors and a choke. 
The 12 volts dc is fed through R1 and R3 
to the output terminal. The zener diode 
holds the base of Q3 at a steady voltage 
with respect to point A. Because of voltage 
drop across R1, current drawn through R3 
makes the voltage vary at point A—and 
therefore at the base. The variation at the 
base makes shunt regulator transistor Q3 

exactly the same amount—becoming that 
much more positive than norma!. Voltage 
at the base becomes more positive, too, but 
not as much, because the voltage (and 
any change) is divided between R1 and 
R2. The net effect is to reduce the forward 
bias of Q2, lowering conduction. That re-
duces conduction in the base-emitter junc-
tion of Q1; that junction is in series with 
the collector of Q2. Less base current in Q1 
raises its emitter-collector resistance. And 
that lowers the output voltage to its nor-
mal value. 

117 VAC j 

m 

fig. 11, Regulated low-voltage power supply using 
transistors as rectifiers. 

draw more current or less through R3 and 
thus hold the output voltage constant. 

Consider what happens if the output 
voltage (and the voltage at A) rises. The 
base of Q3 goes more positive, and the 
transistor draws more current, reducing 
voltage at the collector (tied to the out-
put). If the output voltage drops, the base 
goes less positive, and Q3 draws less cur-
rent through the series resistors. R3 is ad-
justable to allow for aging of the zener or 
the transistor. 

Transistors are used more often as series 
regulators. The example in fig. 12 has an 
extra transistor, often known as an error 
amplifier. Operation is simple. Transistor 
Q1 is a series resistance, variable by the 
voltage at its base. This variable resis-
tance parallels R2 in series with the out-
put. The resistance of Q1 depends on con-
duction of Q2. An example illustrates how 
output voltage variations are corrected. 

If the 12-volt output goes up, voltage at 
the emitter of Q2 goes up, through D2, by 

14 VDC 
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m 
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m 
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fig. 12. Solid-state series-type 
voltage regulator. 

If the output goes down, forward bias is 
increased for Q2, and thus for Q1. The 
lowered emitter-collector resistance of Q1 
lets the voltage go back up to normal. The 
result is a steady 12 volts, no matter what 
tries to lower it. 

ham radio 
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Mini paddle installed in a 
homebrew keyer. 

the mini paddle 

Here's a simple 

low-cost keying paddle 

for the new 

you are 

putting together 
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Many electronic-keyer circuits have appeared 
in the past several years, and they're getting 
so simple that almost anyone can build one. 
However, ihe paddles are a different story. 
The paddle described here requires a mini-
mum of tools and is inexpensive to build. 

construction 
The paddle should be built with good 

quality materials. The arm is built from a sec-
tion of 1/8-inch double-sided epoxy board; 
the sides must be flat and smooth. You can 
use aluminum or other material, but it will 
require much more work. 

A pair of guitar picks are epoxied to the 

Disassembled mini paddle. 
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paddle to provide a good surface for the 
fingers. By carefully using a dril l, the bearing 
holes can be recessed in the edges of the 
epoxy material. For accurate alignment, these 
holes must line up with the holes in the 
bracket. The bearings can be salvaged from 
an old broadcast variable capacitor. Silver 
contacts removed from an old relay are sol-
dered to the copper side of the paddle. 

The bracket should be built from .040 
brass, although tin or steel can also be used. 

side of the paddle. By adjusting the thickness 
of the spring you can adjust the tension to 
your own desires. The spring is soldered in 
place after adjusting. The paddle is held in 
place by bending the bracket to provide 
proper spring tension on the pivot bearings. 

adjustment 
Adjustment of the paddle is quite simple 

once the spring is adjusted for centering and 
soldered to the bracket. The contacts can be 

PLASTIC 6 - 3 2 NUTS 
(EPOXY TO FRAME ) 

•7S TOP VIEW 

BRASS SPRING, APPROX .0)0 
THK, SOLDER TO FRAME 1 
PADDLE (SELECT THICKNESS 
FOR DESIRED TENSION) 

BRACKET- .040 BRASS 
OR STEEL (BEND TO 
SEAT B A L L BEARINGS 
SNUOLY) 

SIDE VIEW 

WASHERS OR SPACERS 

MOUNTING SURFACE 

fig. 1. Constructional detail* of th« mini paddle. 

Mounting holes are located as shown in fig. 1 
and 6-32 nuts are soldered to the inside sur-
face of the bracket. Guide nuts for the con-
tact screws are provided by epoxying two 
plastic or nylon 6-32 nuts to the sides of the 
bracket. The clearance holes must be larger 
than the screw you use and the nuts must be 
centered to prevent shorting. Contact screws 
should be brass with the ends filed round 
and polished for good contact. 

Spring tension is provided by installing a 
strip of brass material as shown in fig. 1. The 
size of strap is approximately 0.13 x 1 inch 
with one end bent and soldered to the flat 

adjusted to provide for proper travel and 
centering. I installed my paddle in an LMB 
139 box along with the Micro TO Keyer de-
scribed in the 1968 ARRL Handbook. 

This keyer was originally built for mobile 
operation but it does a nice job as a second 
unit for the home station. It operates from a 
pair of flashlight batteries and has a built-in 
zener diode and dropping resistor so I can 
plug it into the cigarette lighter in the car. 
The monitor oscillator was eliminated for 
simplicity since my equipment has built-in 
sidetone. 

ham radio 
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a sloping 
inverted-vee 

dipole 

Here is 

an interesting antenna 

for small antenna farms 

that bears 

further investigation 
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Most of us at one time or another have 
dreamed of the ultimate antenna. If your 
ambition, for example, is to accumulate 
new country DX contacts, then this ulti-
mate antenna might be a family of 
rhombics covering 360 derees, or maybe 
a 100-foot telephone pole with full-sized 
Yagis for each band. The majority of us 
never realize the ultimate antenna, unfor-
tunately. As a matter of fact, there are 
hams who, for various reasons, will never 
be able to own and operate any kind 
of antenna but a dipole or one of its rel-
atives. 

It is for these hams that this piece is 
written. I hope they may benefit by my ex-
perience with a restricted-space antenna 
that evolved over several months of testing 
to achieve the best possible compromise. 
In general, those who are restricted to low-
gain antennas fall into one or more of the 
following groups: 

a. Thin pocketbook city dwellers on 
small lots 

b. Not-so-thin pocketbook city dwellers 
on small lots who have zoning re-
strictions, unreasonable neighbors, 
unco-operative spouses or all three. 

c. Timid city dwellers who are reluctant 
to live under a potential catastrophe 
such as a ton of tubular steel crash-
ing onto the house 
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Many of these hams, knowing it is futile 
to participate seriously in the big contests, 
nevertheless would like to have a chance 
at working some DX at least once in 
awhile. Being antenna dreamers, these 
people have read extensively and have 
learned the pros and cons of horizontally-
and vertically-polarized low-gain anten-
nas. They have resigned themselves to us-
ing one of the dipole family; what, then, is 
the best possible arrangement they can 
build that will provide at least a fair 
chance in the DX bands? 

Let's assume a typical city dweller has 
room to erect an inconspicuous mast at 

riod on 14 MHz. It is a variation of the 
well-known inverted vee. The conventional 
inverted vee has been covered fairly exten-
sively in the literature1-2-3'4. Very little has 
been published, however, on any but the 
standard configuration. 

the inverted vee 
The standard inverted vee is a half-

wavelength dipole with the elements in a 
vertical plane, oriented in an acute angle, 
a, and fed at the apex (fig. 1). The size of 
the apex angle apparently has little effect 
on the vertical radiation pattern but sig-
nificantly changes the horizontal (earth 

fig. 1. Basic inverted-yea antenna. Resonant frequency depends upon height above ground and angle. The 
length of the quarter-wave balun is equal to 246v/f, where v — 0.659 if balun is taped to leadline, and f is fre-
quency in MHz. Center conductor of the "bazooka" section is floating. 

least one-half wavelength high on 14 MHz, 
but doesn't have enough room laterally to 
erect a second mast one-half wavelength 
from the first. Full-sized horizontal dipoles 
are therefore out. He could put up a short-
ened (trap) dipole or one of the verticals, 
say a ground plane. Both have advan-
tages and drawbacks, all of which are 
well known and will not be discussed here. 
Which is most effective, considering the re-
strictions involved? 

Based on these restrictions the antenna 
to be described, while not in the competi-
tion class by any means, is a modified ver-
sion of the dipole family that has given a 
good account of itself over a six-month pe-

plane) pattern such that the nulls off the 
ends normal to the wire axis tend to fill in 
as the apex angle decreases. (Reference 5 
discusses this at length and provides typi-
cal patterns in both planes for several 
apex angles.) Thus as the antenna ap-
proaches a vertical configuration, its hori-
zontal pattern approaches the omnidirec-
tional pattern of the conventional vertical, 
which is to be expected. Reference 5 shows 
that the vertical pattern is virtually unaf-
fected for antenna apex angles from 120 
to 60 degrees. Reference 6 shows the ver-
tical radiation pattern of any antenna 
should be lower than 30 degrees for effec-
tive DX work. 

february 1969 [jJJ 49 



The p rob lem is to somehow get the vert i -
cal pattern d o w n into the useful angles 
w i t hou t sacri f icing energy in high-angle 
lobes that penetrate the ionosphere. In-
creasing the antenna height above one-
half wavelength does lower the vertical 
angle but introduces high-angle lobes that 
are useless for DX propagat ion. Also, recall 
that we are restricted to one-hal f wave-
length in height on the 14 M H z band. 

the sloping inverted vee 
After using a convent ional inverted vee 

at a height of one-hal f wavelength on 14 
M H z for a mon th or so, I wanted to f ind 
out what w o u l d happen to antenna per-
formance if the elements were rotated ou t 
of the x, y plane. The elements were kept 
broadside to the x, y plane but were ele-
vated at a slope angle, 9 (fig. 2), 

A t this po in t I must emphasize that no 
amount of w ish fu l th ink ing w i l l alter a 
basic physical fact; namely that the direc-
t ional characteristics of a true vee anten-
na cannot be real ized w i t h anyth ing less 
than one wavelength on the legs. A vee-
shaped d ipo le is exactly that: its shape is 
that of a vee, but there its simi lar i ty to a 
vee antenna ends. The inverted vee d ipo le 
behaves like a d ipo le regardless of the 
apex angle, a, or the slope angle, 0, How-
ever, it appears that if the slope angle is 

between 40 and 70 degrees, the vertical ra-
d ia t ion pattern angle of the lobe in the di-
rect ion opposi te to that in wh i ch the vee is 
rotated tends to decrease, so that more 
energy is radiated at angles be low 30 de-
grees. 

fig. 2. Geometry of the sloping inverted-vee 
antenna. The angle of the vertical lobe de-
crease in the direction of the arrow. 

table 1. Characteristics of several simple antennas; 
all assumed one-half wavelength high and fed with 
the same current. 

antenna 

horizontal 
dipole 

ground plane 

inverted-vee 
dipole 

sloping inverted-
vee dipole 

yagt 

vertical 
nominal pattern 

radiation useful 
resistance lobe angles 

(ohms) (degrees) 

73 

53* 

50 

50 

8 

1 5 - 4 5 

1 0 - 5 5 

1 5 - 4 5 

first 
reflection 

zone* 
(miles) 

200-1100 

100 - 1 5 0 0 

2 0 0 - 1100 

15 - 25 600 - 1500 
(estimated) (estimated) 

1 5 - 4 5 200 - 100 

"for F-layer heights between 125 and 250 mi les 
**wi th radials s loped approximately 50 degrees 

tests 
M y sloping inverted vee d ipo le was ori-

ented w i t h the elements broadside to the 
long-path d i rec t ion (about 230 degrees azi-
muth for my locat ion). Over a s ix-month 
per iod, the antenna was used in tests w i t h 
South Afr ican, Austral ian, Southeast Asian, 
and Asian stations on 14 MHz . Approx i -
mately 100 contacts were made. Dur ing 
these tests the s loping inverted vee antenna 
was compared w i t h a shortened d ipo le 
and a quarter-wave ground plane. The 
dr iv ing points of all three antennas were 
w i t h i n about 5 feet of be ing at the same 
height above ground. The inverted vee was 
rotated out of the x, y plane to slope an-
gles as great as 70 degrees. This was ac-
compl ished by r igging a l ightweight spreader 
between the antenna elements and raising 
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them to various angles with a rope and 
pulley arrangement. An interesting effect 
was that the optimum slope angle seemed 
to depend on the time of day. During band 
openings on 14 MHz (1300-1400 GMT) best 
results were obtained with a slope angle 
of about 40 degrees. As the sun rose, re-
ports improved with the slope angle ap-
proaching 70 degrees. 

results 
No quantitative measurements were 

made. Pattern and field strength measure-
ments are difficult enough even under labo-
ratory conditions; consequently any data 
taken with the limited facilities available 
would certainly be open to question. How-
ever, after testing the antenna under all 
band conditions, the following observa-
tions are offered: 

a. The sloping inverted vee antenna ap-
parently radiates better in the vertical 
plane at lower angles than a dipole 
or ground plane. 

b. The first reflection zone of the sloping 

inverted vee appears to be at a greater 

distance than the comparison antennas. 

c. As a receiving antenna, the sloping in-
verted vee is noisier than the dipole, 
but not as noisy as the ground plane. 

d. Band openings occur earlier by about 
a half hour with the sloping inverted 
vee. 

e. The sloping inverted vee requires less 
space than the dipole, but more than 
the ground plane. 

Based on the data in reference 6 and 

the empirical results of the tests described 

above, the characteristics of the sloping 

inverted vee are summarized in table 1 

conclusions 
In conclusion I would like to point out 

that the sloping inverted vee is not in the 
same league as even a two-element Yagi, 
which has both directional and power 
gain. While the sloping inverted vee does 
seem to have more power at the lower an-
gles than a conventional horizontal dipole, 
it simply cannot compete with a Vagi or 
any other directional array. The estimated 
first reflection zone for the sloping inverted 
vee is based on the curves of reference 6, 
which in turn are based on various vertical 
pattern lobe angles. Experience with this 
antenna seems to indicate performance 
close to the data shown in the table. 

I hope that others will try this antenna 
with different slope angles. It will be very 
interesting to see how it performs at other 
locations and on different bands. 
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• vtvm modification 
Most garden-variety vtvm's use a 1.5-volt 
flashlight cell for the ohmmeter supply. This 
works fine if you replace the flashlight cell 
every few months. However, the ohmmeter 
becomes very inaccurate on the low-ohms 
scale as the cell's internal resistance in-
creases with age. 

By adding a few parts and making a few 
circuit modifications, it is possible to do 

away with the flashlight cell altogether. The 
diagrams show the modifications I made to 
my Heathkit V-7A. This is typical of all in-
expensive dc vtvm's, whether made by Heath, 
Allied, Eico or RCA. 

As shown in fig. 1, the 6.3-volt filament 
voltage is rectified by a conventional bridge 
rectifier; the resulting dc is dropped by the 
18-ohm resistor in conjunction with the regu-
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lating diodes, giving the required 1.5 volts dc. 
It's necessary to l i ft one side of the heaters 

from ground before you can use the 6.3-volt 
winding in a bridge rectifier. Heathkit uses a 
printed-circuit board, but the conductors that 
must be removed can be easily scraped off 
the board wi th a sharp knife. 

Two 1N538's in series act as a zener to 
regulate the output voltage. The barrier po-
tential for a silicon diode is about 0.75 volts; 
two in series regulate the ouput nicely at 
1.5 volts. 

The original flashlight cell was connected 
to a resistor string tapped by the ohmmeter 
range switch as shown in fig. 2. Notice that 
the total resistance switched into the circuit 
is always 10 times the range switch position; 
this assumes cell internal resistance of 0.9 
ohms. The internal resistance of this power 
supply is higher than 0.9 ohms, so it's neces-
sary to lower the 9.1-ohm resistance by shunt-
ing it w i th 35 ohms as shown. The two in 
parallel then make 6.75 ohms. When this is 

resistance, 600-PIV silicon diodes. This saves 
about as much heater current as consumed 
by the 1.5-volt power supply, so the trans-
former is stiil running cool. 

The diodes that replace the 6AL5 should 
be forward biased slightly to overcome their 
barrier potential. This is done wi th a voltage 
divider consisting of a 24k- and 150-ohm 

fig. 1. Deriving a 1.5-vo!t dc 
supply for the vtvm from the 6.3 
Vac filament transformer. Added 
circuitry is enclosed by the 
dotted line. 

IHSJB'S 

fig. 2. Modifying the ohm-
meter circuitry for.the 1.5 Vdc 
supply. 

r x mca 

fig. 3. How to replace the 
GAL5 with forward-biased sili-
con diodes. 

added to the power supply internal resistance 
of 3.25 ohms, it makes up the required 10.0 
ohms. 

In my vtvm I also replaced the 6AL5 "ac 
volts" rectifier wi th a pair of high back 

resistor connected to the negative side of 
the original plate supply (fig. 3). Linearity is 
rather poor below levels of 1 volt ac, but 
is still superior to the original 6AL5. 

Fred Brown, W 6 H P H 
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)®y l a r r y a l ien 

analyzing wrong dc 
voltages 

There isn't really a "best" way to trouble-
shoot electronic equipment. The most suc-
cessful radio and electronic technicians 
combine several methods. I've already told 
you about some of them in past columns, 
but this month's method is probably the 
most popular; at least it's one you have to 
understand if you expect to repair every 
trouble in all sets. It's called voltage 
troubleshooting. 

Just because this method is the best 
known doesn't mean it's always best. Most 
experienced guys save this one for last. It's 
a quick way to find the faulty part in most 
circuits, once you know which circuit to 
look in. 

You can find which circuit this way too, 
but other ways are usually quicker. I'll use 
this month's column to tell you how to pin 
down faulty parts within the circuits; that's 
the best way to use voltage trouble-
shooting. 

how the method works 
In theory, it's simple. You start by mea-

suring each dc voltage in the suspected cir-

cuit. Then compare yours with correct volt-

ages. Most instruction books and schemat-

ics nowadays include voltages—at least at 
each tube or transistor terminal. When 
your circuit diagram doesn't show the 
working voltages, use past experience and 
your knowledge of how the circuit works. 

When you find a voltage that isn't right, 
figure out what could cause it. If you know 
Ohm's law for voltage, current, and resis-
tance, it's not too hard to decide what's 
causing the voltage to change. In fact, it's 
really cut-and-dried. 

Here's an example. In fig. 1 are two ver-
sions of a simple series resistance circuit 
connected across a dc voltage. The first, 
fig. 1A, shows normal dc voltages (which 
I'll call operating voltages). The other, fig. 
1B, shows voltages you might measure in 
this circuit when you start troubleshooting. 
(Voltages are always measured with re-
spect to ground.) 

There's 150 volts at the R2-R3 junction in 
fig. 1A because current flows through R3 
and R4, causing (says Ohm's law) a drop 
of 100 volts. There's only 10 volts at the 

fig. 1. Simple saries resistance circuits (how how 
voltages divide according to the various resistance 
ratios. 
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R1-R2 junction because another 140 volts is 
dropped across R2. The same amount of 
current flows in all four resistances, since 
they're in series, so the voltages divide up 
exactly according to the resistance ratios. 

You analyze voltage to determine why 
the two voltages in fig. I B have changed 
from normal. What part has gone bad? 
For some reason, the resistance ratios must 
have changed. Your first step, then, is to 
figure out what the new ratios are. 

If you consider the 45 volts, you can 
quickly see two possibilities. The first is 
that R1 or R2 may have lowered in resis-
tance. In that case, the ratio of their re-

the ratio of voltages, and then figure out 
what's causing the foulup. 

voltage dividers and ohm's law 
You should already know about series 

and parallel circuits.* For voltage trouble-

shooting, you must know how voltages 

spread themselves around both kinds of 

circuits. 

Start with the simple series circuit in fig. 

2A. The resistors divide the voltage in pro-

portion to their values. The ratio is 2:2:1. 

The R1-R2 junction is 80 volts below the 

supply voltage, and the R2-R3 junction is 

80 volts further below supply voltage. Look-
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fig. 2. How voltages change when one of the resistance values changes. 

sistance to that of R3-R4 lowers, and less 
of the total voltage appears across them. 
O n the other hand, the combined resis-
tance of R3-R4 may have increased. That 
causes more voltage to drop across them 
and lowers the voltage reaching the top of 
R2. 

So . , . which is it? The clue lies in the fact 
that both the R1-R2 voltage and the R2-R3 
voltage have kept the same ratio between 
them, even though both are lower than 
normal. The 3 is to 45 as the 10 is to 150; 
the ratio is still 1 to 15. The trouble is more 
likely in R3 or R4; the value of one of them 
must have increased. To find out which 
one, you could disconnect them and mea-
sure with your ohmmeter. However, further 
voltage measurements will show one of 
them still retains its ratio to R1-R2; the 
other is the culprit. 

This simple reasoning is the basis for 
analyzing all dc voltages in series circuits. 
You study the ratio of resistances, compare 

ing at the divider string from the stand-
point of the voltmeter: R1 drops 80 volts, R2 
drops 80 volts, and R3 drops 40 volts. The 
2:2:1 ratio is maintained. 

Look what happens when you alter a re-
sistance value, as in fig. 2B. Some addi-
tional resistance, in the form of R4, has 
been added in parallel with R2. It lowers 
the effective resistance: R2 and R4 are both 
500 ohms, so their parallel value is 250 
ohms. 

That goofs up the resistance ratio of the 
divider chain. It has become 2:1:1, and the 
voltage divides accordingly. R1 drops 100 
volts, R2 (with R4) drops 50 volts, and R3 
drops 50 volts. So you see, among the volt-
ages, the 2:1:1 ratio holds. 

Now, imagine that fig. 2C is a supply cir-
cuit in a solid-state receiver. The variable 
resistance labeled Q1 is actually the tran-

* For a rundown on series and parallel circuits, check 
the repair bench in the November, 1968 and January, 
1969 issues of ham radio. 
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sistor, but imagine it here as a variable 
part of the divider chain. Voltages are 
shown at each point in the circuit, so you 
can figure out the voltage (and therefore 
resistance) ratio. Across R1 is dropped 2 
volts, across Q1 is dropped 8 volts, and 
across R2 is dropped 10 volts. The ratio is 
1:4:5. 

Suppose something goes wrong with the 

sistance in the dc supply circuit. In fig. 3A, 
the tube bias can be changed by moving 
the slider on cathode-bias resistor R1. The 
equivalent circuit shows the tube's dc plate 
resistance as variable; it actually changes 
as bias is varied. 

Simplicity is lost because R1 is also in 
series with the dc supply circuit. When the 
resistance of V1 changes, current changes 

fig. 3. Tub* and transistor 
circuits with thair equivalent 
resistive divider circuits. 
Drawing the equivalent circuit 
makes it easier to see the 
effect when a resistance 
changes. 
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circuit. You measure with your voltmeter 
and find the voltages changed to those in 
fig. 2D. Now you have a new ratio of volt-
ages. Across R1 is 2.7 volts, across Q1 is 4 
volts, and across R2 is 13.3 volts. If you 
write out the new ratio, however, it's easy 
to see where the voltage changed. The new 
ratio is 2:3:10. The old ratio was 1:4:5, 
which is the same as 2:8:10; only the cen-
ter factor has changed. That means the re-
sistance of Q1 has changed, and that's 
what upset the voltages. 

tubes and transistors as dividers 
Thinking in ratios is easy as long as the 

resistances are simple. Experience will 
teach you to estimate voltage ratios close 
enough to give you a clue to which resis-
tance has changed. 

Tube and transistor circuits are different. 
Changing the bias on either one alters its 
dc operation. Fig. 3 suggests how to con-
sider a tube or transistor as a variable re-

all through the series circuit. A change in 
current through R1 affects bias, which 
changes the plate resistance of V I , which 
changes the bias, which changes plate re-
sistance, and so on. The interdependency 
makes it tough to treat tube circuits as 
simple ratio dividers. 

This problem also applies to transistor 
circuits; to see how, check fig. 3B. Bias for 
the transistor base is controlled by voltage 
divider R1-R2; since R1 is a potentiometer, 
bias is variable. As bias is altered, more 
or less current can flow in the emitter-col-
lector circuit. The effect is to alter the 
emitter-collector resistance, represented by 
resistance Q1 in the equivalent circuit. 

To see how complex these relationships 
can get, take a look at fig. 4—which is 
from a ham rig. Equivalent diagrams are 
shown at the right. The one at fig. 4B is for 
the collector circuit; it's the supply path 
through which dc must flow. Fig. 4C is the 
dc supply path for the base circuit; it in-
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eludes the biasing voltage divider and the 
path through the base-emitter junction 
(shown as Q1B). Notice that R3 is in this 
path, too, so a current change in either 
circuit changes voltage across that resistor. 

Finally,, notice the combined paths in 
fig. 4D. Figuring out ratios in this circuit 
would be hard even if the resistances were 
simple. But they're complicated by the fact 

plate voltage is low—only 180 volts instead 
of the 235 called for by the schematic. All 
the other voltages are about normal. 

The plate-supply circuit (all the resis-
tances plate current flows through) includes 
R5, one winding of T1, the tube itself, and 
R3. One at a time, consider the effect each 
part might have on voltage at the plate. 
Redrawing the equivalent plate-supply cir-
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fig. 4. Transistor audio amplifier; the equivalent circuits in B, C and D show how difficult it is to use the 
"ratio analysis" mathod of troubleshooting a stage like this. 

that the value of Q1C is controlled by Q1B. 
It's just too much to be simple. 

a step at a time 
However—and this is important—even 

though you can't use voltage ratios di-
rectly in tube and transistor circuits, you 
can apply the principles. Concentrate on 
one supply path at a time. At each step, 
ignore the effects of other circuits. When 
you decide what happened in one circuit, 
then study whether another could possibly 
be causing the voltage upset. 

The transmitter tube stage in fig. 5 is 
an easy example. Suppose you've traced 
trouble to this stage and have decided to 
measure voltages to help you find the 
faulty part. Your voltmete r tells you the 

cuit, as in fig. 5B, can help. Here's the way 
your thinking might go. 

If R3 increases in value, the dc voltage 
at the plate increases instead of decreases. 
If R3 decreases, the voltage lowers—but 
only a little, since R3 is such a small por-
tion of the over-all circuit. Conclusion: for-
get about R3 for the moment. 

If the V I resistance increases for some 
reason, the dc plate voltage goes up. How-
ever, if the resistance of V1 decreases, the 
plate voltage goes down—exactly the 
symptom you have. Conclusion: the trouble 
might be V1. But don't rush; check other 
possibilities, too. 

The winding of T1 can be eliminated as 
a suspect. If it opens, there's no voltage at 
the plate of V1. If it shorts, it changes the 
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voltage too little to notice. If the value of 
R5 increases, the voltage at the plate of 
V1 lowers. So, there's another suspect! If 
R5 decreases in value, voltage goes up in-
stead of down. 

Now you have two suspects: R5 may be 
too high in value, and the dc plate resis-
tance of V1 may be too low. Which is it? 
To find out, you measure other voltages in 
the stage. 

For example, what about screen voltage? 
It's okay. If the dc plate resistance of V1 is 
low, it also lowers the voltage at the 
screen. But it isn't, so the tube and its bias 
must be okay. (You can make sure bias is 
okay by measuring it.) That leaves R5 as 
the likely culprit. You can just measure R5 
with your ohmmeter to be sure. 

Suppose you do find the screen voltage 
low, too. What then? The cause is prob-
ably the tube plate resistance, but what's 
making it low? It could be a faulty tube or 
incorrect bias. Either one could allow too 
much current through the tube, and thus 
lower the plate resistance. So—measure 
the bias. If it's okay, the tube must be bad. 
If the bias is wrong, go into that circuit to 
find out why. 

The secret to voltage troubleshooting is 
to take it step-by-step, through each por-
tion of each dc supply circuit. Decide how 
each part could cause the symptom you 
observe. If you trace the trouble to the 
tube or transistor, find out if it's bad or if 
some other operating voltage is making it 
work wrong. 

voltages in transistor stages 
The emitter-collector resistance of a 

transistor is set by bias current in its base 
circuit Just as plate voltage of a tube may 
change if bias isn't right, the collector volt-
age of a transistor can, too. 

The transistor stage in fig. 6 is a mixer 
from a communications receiver. The tran-
sistor is a pnp type, forward-biased (base 
more negative than emitter). Dc operating 
voltages are listed alongside the emitter, 
base, and collector leads. 

Suppose you trace trouble to this stage 
and want to use voltages to pin down the 
faulty part. The voltages you measure are 

listed in fig. 6B. Collector voltage is high, 
suggesting there's either too little current 
through the transistor or R4 is too low in 
value. If the trouble is in R4, however, the 
voltage at the emitter must also be high 
—and it isn't. 

The best clue is the positive voltage on 
the base. It is reverse-biasing the base-
emitter junction, cutting off collector cur-
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fig. 5. Drlvar circuit, with normal voltages listed at 
tuba pins; B show equivalent plate circuit for 
troubleshooting. 

rent through the transistor. You have to 
trace the cause of the positive voltage. As 
it turns out, the other side of C I goes to a 
positive voltage in the preceding stage; C1 
is leaky, and is coupling the wrong volt-
age to the base of this stage. 

Suppose, instead, you measure the volt-
ages listed in fig. 6C. Collector voltage is 
very low, meaning there's excess current 
through the transistor or R4 is too high in 
value. Base voltage is a little low, but it 
hasn't changed nearly as much as emitter 
voltage has. Study the circuit. You'll quick-
ly decide that C2 has shorted. With 1.9 
volts of forward bias (instead of the nor-
mal 0.5), the transistor conducts heavily, 
lowering collector voltage drastically. The 
base voltage is slightly lower because of 
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the effect of heavy current through R4; the 
base also gets its voltage from R4, through 
R2. 

There are countless transistor-supply cir-
cuits you can analyze this way. Always 
pick out the voltage that is most wrong 
and find the cause of that first. Then check 
possible causes of other wrong voltages. 
The part that's common to all symptoms is 
usually the culprit. Each symptom leads to 
another, and ultimately to the bad part. 
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fig. 6. Transistor receiver mixer circuit; B and C 
show voltaga changes in different troubleshooting 
situations. 

testing individual components 
This is the end of the line in trouble-

shooting—testing individual parts to make 
sure they're really bad. Resistors you can 
test most easily with your ohmmeter. Capac-
itors and other parts can be evaluated by 
voltage tests, combined with simple logic. 

For example, C I in fig. 6 should couple 
absolutely no dc voltage from the preced-
ing stage. If the preceding voltage is posi-
tive and the capacitor is leaky, the result 
is what you get in fig. 6B. If the preceding 
voltage is negative, it could drive the base 

of the transistor more negative and wind 
up reducing collector voltage. Leakage 
through C1 might also reduce voltage on 
the preceding stage—another helpful clue. 

There is a reasonably sure way of test-
ing a capacitor for leakage. If one end is 
connected to a dc voltage, disconnect the 
other end. With a vtvm, measure there for 
dc voltage. If voltage is leaking through, 
the voltmeter will detect it. 

Don't be misled by electrolytic capac-
itors. They have a certain amount of nat-
ural leakage. Best way to check them is 
with an ohmmeter; leakage resistance 
should be no lower than 30k-50k. 

You can tell if a coil or transformer 
winding is open, provided the winding car-
ries dc. Just check at both ends with your 
voltmeter. An open winding blocks voltage. 

You can also check for leakage between 
windings. Make sure one winding is con-
nected to a voltage. With the other wind-
ing completely disconnected from any cir-
cuit, touch the voltmeter probe to one of its 
wires. If you measure any dc voltage, the 
transformer is leaky. 

Any short-circuit can be pinned down 
quickly. Just find where the voltage has 
dropped completely to zero. This technique 
is most helpful in supply circuits where a 
filter, a bypass, or a high-power tube has 
shorted. 

coming up 
Awhile back, I promised to devote a col-

umn to using an oscilloscope at the re-
pair bench. Apparently more amateurs 
own scopes than I suspected, but not many 
know how to use them or for what. Of 
course, everyone (just about) knows how to 
hook a scope up as a modulation monitor 
for a-m. But there are dozens of uses for 
this versatile instrument. 

In my next column, I'll tell you exactly 
what a scope is and how to go about using 
it most easily. I'll give as many uses for 
it as I have room for. Then, after that, 
I'll explain a bunch of troubleshooting 
shortcuts with the scope. If you've got one, 
you should be using it on the repair bench. 
It's doggone handy. 

ham radio 
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In the past, I have stayed clear of forecasting 
propagation for specific paths. Forecasts 
have been as general as possible so they 
would be applicable to any of the paths that 
might interest a radio amateur in the 48 
contiguous United States. The format I have 
used makes you "work," but you will have 
obtained more accurate forecasts than other-
wise possible.* 

Still, the idea of doing a special propaga-
tion forecast for the CQ World-Wide DX 
contest or ARRL DX contest with the opening 
times tabulated for many paths was appeal-
ing. Now this copy is way past deadline, a 
$46 computer bill has just arrived and I am 
swearing off! No more worldwide specific 
path predictions—at least until the next 
contest. 

If you live within 300 miles of San Fran-
cisco, Dallas or New York City, and are in-
terested in knowing when ten meters will 
open to Outer Mongolia or 18 other rare or 
not-so-rare DX spots, the tables are made for 
you. If you live between San Francisco and 
Dallas or between Dallas and New York you 
can interpolate the path opening times on 
many paths (not over the pole). Otherwise, 
the usual propagation charts, fig. 1 through 
6 will suffice. 

* If you're looking for propagation forecasts for 
specific paths, there's always George Jacob's propaga-
tion column in C Q magazine. 
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Upon investigating the tabular path predic-
tions, you wi l l f ind, perhaps to your amuse-
ment, that opening times have been pre-
dicted to the nearest third or half hour on 
the lower bands and to the nearest 10 min-
utes on the higher bands. 

Lest I be called to task for missing an 
opening by 10 minutes, or even a half hour, 
let me point out that these are median 
short-path predictions, and that variations of 
10 percent in path muf and 10 dB in absorp-
t ion are not uncommon. In addit ion, station 
parameters may vary considerably from the 
100 watts CW or 800 watts ssb assumed on 
80 through 10 meters (12 watts CW or 100 
watts ssb on 160 meters). Antenna gains 
(over an isotropic radiator) are assumed to 
be —6 dB for 160 and 80 meters, zero dB for 
40 meters and + 6 dB for 20 meters and high-
er frequencies. 

The ten-meter paths wi th no openings 
forecast may be open during the middle of 
the fifteen-meter opening—because the muf 
may be higher than forecast or the long path 
may be "open." There are some marginal 
openings forecast that may catch the average 
contester unaware, such as the reopening 
of 20 meters after midnight or the short over-
the-pole openings near dawn and dusk. 

The serious contest operator wi l l be pre-
pared wi th at least one extra receiver, per-
haps a panadapter, as well as a receiving an-
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fig. 2. Maximum rang* to the north from 38° N 
latitude due to absorption. 

tenna for checking "dead" bands. However, 
a serious weekend of bandscanning and lis-

tening just before the big contest can give 
more useful propagation information than 
any column. 

six meters 
Judging by last fall's openings, six meters 

is expected to open infrequently (about 10 

fig. 1. Maximum usable fre-
quency curves for February 
1969 based on 90° W longi-
tude. 
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fig. 3. Maximum range to the northeast (top time 
scale) and to the northwest (bottom time scale) 
from 38° N latitude due to absorption. 
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latitude due to absorption. 

tooo L 
SE O 

SW 24 

r v f 
/ 
1 

4 MHz p 

S , 1 ' MHz 

\ \ 1 \ 
\ 
7 MH. 

\ 

/ / N . \ 
7 MH. 

\ 

/ > 

k 
> 3 MM \ / 

VSMHl 
k 
> 3 MM \ / 

VSMHl 

\ / ' 
1.9 

\\ 
L /! 

2 
22 

4 
20 

£ 
IS 

a 
is 

10 

14 

12 

12 

» 
10 

20 
4 

LOCAL TIME 

8 - j 

§ § 

I 
* 
I 

22 
2 

24 

0 

fig. 5. Maximum range to the southeast (top time 
scale) and to the southwest (lower time scale) from 
38° N latitude due to absorption. 
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table 1. Predicted 160-meter openings during the ARRL DX 
contest (time in GMT). 

San 
Francisco Dallas New York to 

from 
XE, Mexico City 
KP4, Puerto Rico 
KH6, Oahu, Hawaii 
KL7, Anchorage 
KZ5, Canal Zone 
OX, Thule, Greeland 
PY, Belem, Brazil 
ZK1, Cook Islands 
* Difficult path, ID dB 

0200-1200 
0200-1000* 
0500-1400 
0400-1400 
0200-1100* 
0200-1230* 
0200-0900* 
0600-1400* 

0030-1240 
0100-1000 
0500-1300* 
0300-1300* 
0100-1100 
0100-1130* 
0100-0900* 
0600-1200* 

0100-1100 
2300-1000 
0500-1100* 
0300-1100* 
0000-1000 
2300-1000 
2300-0900* 
0900-1100* 

additional circuit gain assumed. 

table 2. Predicted 80-meter openings during the DX con-
test. 

San 
to Francisco Dallas New York 
from 
XE, Mexico City 0120-1320 0000-1330 0000-1200 
KP4, Puerto Rico 0100-1100 2340-1120 2220-1040 
KH6, Oahu, Hawaii 0400-1500 0400-1320 0500-1200 
KL7, Anchorage 0230-1530 0200-1320 0200-1200 
KZ5, Canal Zone 0100-1140 0000-1140 2320-1100 
OX, Thule, Greenland 0140-1330 0000-1220 2200-1100 
PY, Belem, Brazil 0100-0930 2340-0900 2200-0920 
ZK1, Cook Islands 0530-1440 0500-1300 0800-1200 

table 3. Predicted 15-meter openings. 

San 
Francisco to 

from 
UA0, Sakhalin Island 2040-0400 
JT1, Ulan Bator 2300-0340 
UA, Astrakhan None 
UA, Leningrad None 
DL, Berlin 1600-1800 
VU2, New Delhi 0130-0320 
VS1, Singapore 2240-0440 

1730-1900 
DU, Manila 2200-0440 
KG6, Guam 2000-0500 
VK6, Perth 2100-0530 

VK3, Melbourne 1940-0550 

VR2, Fiji Islands 1720-0550 

F08, Tahiti 1600-0630 
CE2, Valparaiso 1400-0340 
PY1, Rio De Janeiro 1340-0300 
ZD8, Ascension Island 1330-0220 
CR6, Angola 1400-0200 
ZS1, Capetown 1400-2200 
5R8, Tananarive, 1600-0240 

Malagasy 

Dallas 

2120-0300 
0000-0220 
1440-1600 
1400-1600 
1330-1900 
1430 
2320-0300 
1620-1930 
2200-0300 
2010-0310 
2130-0350 
1530-1830 
1930-0420 

1700-0420 
1500-1520 
1530-0500 
1240-0440 
1200-0200 
1140-0100 
1140-0040 
1140-2220 
1210-0020 

New York 

2200-0010 
None 
1220-1640 
1220-1740 
1140-1910 
1240-1440 
1420-2000 

2240-2320 
2020-0120 
2130-0140 

1940-0220 
1410-1540 
1630-0220 
1410-1520 
1530-0220 
1130-0120 
1050-0040 
1020-2340 
1010-2300 
1010-2320 
1020-2300 

table 4. Predicted 20-meter openings 
San 

to 
from 
UA0, Sakhalin Island 
JT1, Ulan Bator 

Francisco Dallas New York 

1930-0540 
2140-0510 

UA, Astrakhan 
UA, Leningrad 
DL, Berlin 
VU2, New Delhi 

VS1, Singapore 

DU, Manila 

KG6, Guam 

VK6, Perth 

VK3, Melbourne 

VR2, Fiji Islands 

FOB, Tahiti 

CE2, Valparaiso 
PY1, Rio De Janeiro 
ZD8, Ascension Island 

CR6, Angola 

ZS1, Capetown 

1530-1700 
1500-1900 
1430-2030 
0130-0320 
1540 
2150-0630 
1630-2030 
2200-0440 
1630-1830 
1900-0650 
1610-1620 
1600-2140* 
0200-0730 
1530-2000* 
0120-0900 
1530-0900 

2000-0500 
2240-0440 

1240-1730 
1240-2030 
1220-1230 
1430 
1330-1600 
1500-0440 

2200-0300 
1500-1800 
1910-0520 
1450-1610 
1440-2000* 
0200-0610 
1400-1900* 
0000-1050 
1400-1050 

1500-1140 1340-1100 

1300-1030 
1240-0600 
1240-0430 

1200-0900 
1050-0830 
1030-0800 

1300-0430 1030-0600 

1830-0430* 

1420-0420 

1030-1240* 
1740-0230 
0520-0800 
1400-0500* 

2020-0300 
2320-0300 
1200-1240 
1100-1800 
1100-2010 
1030-2100 
1240-1440 
1120-1620 
1200-0220 

2240-2320 
1330-1800 
1940-0350 
1400-1620 
1400-0400 

1250-1830* 
0030-0430 
1250-1840* 
2200-0430 
1240-0440 
0700-0900 
1020-0800 
0940-0720 
0920-0200 
0440-0620 
0920-0130 
0300-0530 
0920-1140* 
1620-0130 
0300-0600 
0920-0120 
0300-0400 

5R8, Tananarive, 
Malagasy 

* Between this and next time period, path may be open for 
10-dB additional circuit gain or via long path. 
• With 10-dB additional circuit gain, San Francisco-Cape-
town path open as early as 1240 GMT; Dallas-Tananarive 
open as early as 1110 GMT. 

percent of the days of the month) from mid-
latitudes (38° N.) to the south of east and 
west, with more frequent openings to lati-
tudes below 33° N. Transequatorial forward 
scatter during evening hours may furnish your 
best chance to work 50 MHz DX. The TE 
season should open on February 10 at 8 PM 
local time. 

Late word on 50 MHz beacon frequencies 
and liaison schedules may be obtained by 
sending me a self-addressed stamped post-
card. 

ham radio 
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tabla 5. Predicted 40-meter path openings during the 
ARRL DX contest. 

S an 
to Francisco Dallas New York 

from 

UA0, Sakhalin Island 0500-1740 0500-1520 0500-1420 
JT1, Ulan Bator 0720-1740 0800-1500 0800-1330 

2020-0100 
UA, Leningrad 2300-1530 2200-1020 1900-0920 
DL, Berlin 2240-0900 2140-0900 1900-0900 
VU2, New Delhi 1120-1700 1200-1400 1920-0240 

2300-0220 
VS1, Singapore 1000-1740 1000-1540 1930-2330 
DU, Manila 0820-1740 0820-1540 0900-1500 
KG6, Guam 0640-1740 0700-1540 0700-1430 
VK6, Perth 0930-1620 0930-1500 1000-1340 
VK3, Melbourne 0800-1600 0800-1420 0800-1320 
VR2, Fiji Islands 0500-1600 0500-1440 0520-1330 
F08, Tahiti 0320-1520 0300-1420 0300-1320 
CE2, Valparaiso 0040-1120 2340-1100 2240-1030 
PY1, Rio De Janeiro 2340-0940 2300-1000 2130-0930 
ZD8, Ascension Island 2330-0800 2200-0800 2040-0800 
CR6, Angola 2300-0600 2200-0600 2000-0620 
ZS1, Capetown 0000-0520 2230-0520 2030-0520 
5R8, Tananarive 2300-0320 2200-0340 1940-0340 

table 6. Predicted 10-meter openings. 

San 
to Francisco Dallas New York 

from 

UA0, Sakhalin Island 2200-0300 2250-0100 None 

JT1, Uen Bator 0030-0215 0030 None 
UA, Astrakhan None 1430 1350-1440 
UA, Leningrad None 1430 1350-1440 
DL, Berlin None 1430-1630 1320-1700 
VU2, New Delhi 0200 None 1340 
VS1, Singapore 2320-0300 0000-0040 None 
DU, Manila 2230-0300 2250-0110 None 
KG6, Guam 2040-0320 2050-0200 2100-2300 
VK6, Perth 2240-0400 2250-0230 2250-2330 
VK3, Melbourne 2200-0420 2150-0250 2310-0100 
VR2, Fiji Islands 1840-0420 1810-0250 1820-0100 
F08, Tahiti 1710-0430 1630-0300 1620-0100 
CE2, Valparaiso 1450-0200 1320-0140 1210-2340 
PY1, Rio De Janeiro 1430-0100 1240-0030 1140-2300 
ZDS, Ascension Island 1440-0050 1220-2330 1110-2200 
CR6, Angola 1510-0020 1230-2300 1120-2120 
ZS1, Capetown 1430-2100 1220-2100 1110-2130 
5R8, Tananarive, 1600-2300 1310-2230 1130-2100 

Malagasy 

U. S. and CANADIAN HEADQUARTERS for 
Radio Society of Great Britain Publications 

RADIO COMMUNICATION HANDBOOK — Fourth Edition 
A complete guide to virtually all technical aspects of amateur radio. Over 50% 

larger than previous editions. Prepared by the outstanding amateurs in Great 
Britain today. 832 pages Hardbound $11.95 
AMATEUR RADIO TECHNIQUES — Second 

Edition — J. Pat Hawker, Q3VA 
Brand new edition — completely re-

vised. A very complete collection of short 
articles and ideas cohering many aspects 
of amateur radio. Includes new enlarged 
semiconductor section. 

160 pages Only $2.50 

AMATEUR RADIO C IRCUITS BOOK 
Completely revised — new edition. A 

very handy collection of many useful cir-
cuits for amateur use. Loaded with good 
ideas for that new converter, exciter or 
other project you are working on. 

Only 12.00 

RADIO DATA REFERENCE BOOK — Second 
Edition — By O. K. Jessop, G6JP 

Here in a 148 page book is one of the 
most complete compilations of radio and 
electronic charts, nomographs, formulas and 
design data available. Whether you design, 
build or operate, this is a book you must 
have. Only $2.50 
WORLD AT THEIR FINGER TIPS — John 

Clarricoats G6CL 
A very interesting history of the RSGB 

and of amateur radio in Great Britain. It 
gives a great insight into the development 
of our hobby. Paper back edition $2.50 

Deluxe edition $6.50 

ALL PRICES POSTPAID IN U.S.A. AND CANADA 

b o o k d i v i s i o n 

Box 592 • Amherst, New Hampshire 03031 
" W E ARE THE EXCLUS IVE NORTH AMER ICAN DISTRIBUTOR FOR RSGB PUBLICATIONS 

DEALER INQUIR IES INVITED" 
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low-noise, 

High-gain 

transistor 
preamplifier 

An accessory 

for your receiver 

to improve 

s/n ratio 

from 

80 through 6 meters . . . 

featuring 

the 2 N2360 transistor 
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"Easy to construct" and "low cost" could 
very well be added to the title of this article. 
The preamplifier described is a solid-state 
device that will give excellent performance 
on any single band from 80 through 6 meters. 
Its size, construction, and cost allow it to be 
incorporated easily into any fixed station, 
mobile or portable receiver or transceiver, 
or to be used as a mast-mounted antenna 
preamplifier. 

A good preamplifier can perform wonders 
in improving reception and reducing fading 
on bands where a receiver lacks gain, sensi-
tivity, or has an image problem. This is true 
even with expensive receivers in single 
bands, because compromises must be made 
with receiver r-f stage design due to band-
switching requirements and other constraints. 

A good preamplifier should have several 
important characteristics, the main ones prob-
ably being a low noise figure and reasonable 
gain. Unless the preamplifier noise figure is 
less than that of the receiver's r-f stage, the 
preamplifier self-generated noise will mask 
signals that the receiver itself is capable of 
detecting. Even in the case where the pre-
amplifier noige figure is not less than that of 
the receiver, the gain provided by the am-
plifier will still reduce the effects of fading 
and raise the level of all signals. 

For best weak-signal reception, low noise 
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figure in a preamplifier is more important 
than gain, and most preamplifier designs sac-
rifice some gain to achieve low-noise per-
formance. Reasonable selectivity to reject 
out-of-band signals and good overload re-
sponse are secondary characteristics. If the 
receiver front end has good selectivity and 
overload response, then it's not necessary to 
incorporate these features in the preamplifier, 
thus keeping it simple. 

The preamplifier can be easily wired to be 

vhf-TV circuits, and although it may not seem 
as striking as an FET, it performs very well, 
allows very simple circuitry, and has recently 
become reasonably priced. (It formerly cost 
between $1.40 and $2.40 from most Sprague 
distributors.) If the 2N2360 is not available 
locally, a "substitute" type transistor should 
not be used, because its high-frequency per-
formance will rarely match that of the 2N2360 
as far as gain and noise figure are connected. 

The 2N2360 will provide a 4- to 7-dB noise 

fig. 1. Broadband preampli-
fier. Although coil values 
shown here are for 10 
meters, basic circuit may be 
used on any band from 80 
to 6 meters. 
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IB TURNS 
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switched out of the antenna circuit if the 
preamplifier becomes saturated by strong 
signals. Achieving good overload perform-
ance using a simple circuit and a transistor is 
particularly difficult, although rarely does any 
problem result with the signal levels encoun-
tered in most amateur bands. Trying to use a 
sensitive preamplifier with a kilowatt trans-
mitter operating a few block away, however, 
is quite another problem. 

the 2N2360 transistor 
The heart of the preamplifier is the Sprague 

2N2360. This transistor has been proved in 

fig. 2. Layout of the broadband preamp. 

figure on any band from 80 through 6 meters. 
The gain will vary from about 15 to 25 dB or 
higher if tuned instead of broadband input 
and output circuits are used. The circuit used 
here requires a minimum of parts, and the 
entire preamplifier can be constructed for the 
cost of the 2N2360 alone if a "junk-box" 
selection is available. 

circuit 
The complete preamplifier circuit is shown 

in fig. 1. The basic circuit uses a grounded-
emitter configuration. The input is double 
series tuned. A series capacitor matches the 
low impedance of a coaxial line. The secon-
dary side is similarly tuned to match the 
2N2360 input. As shown in fig. 1, the input 
circuit tunes to the high-frequency end of the 
band, and the secondary circuit tunes to the 
low-frequency end (the opposite condition 
could just as well be used). 

Circuit resonance is easily checked with a 
grid-dip meter or a signal generator and re-
ceiver. Variable capacitors may be used ini-
tially to determine the necessary values and 
later replaced by fixed capacitors. These ca-
pacitors should have a good Q. Dipped silver 
micas (CDE type CD6 or similar) are recom-
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mended. Disc ceramics designed for bypass-
ing should not be used, because their low Q 
will result in a loss of gain and selectivity. 

The bias conditions, determined by the 
two 820-ohm and 4.7k-ohm resistors, were 
chosen as the best compromise between gain 
and noise figure. The 4.7k-ohm resistor can 
be varied if you want to experiment with the 
circuit or provide a manual gain control. 

The parasitic choke in the 2N2360 collector 
lead prevents amplifier instabilty. The output 
circuit impedance is about 200 ohms and 
works quite well with simple capacitive 
coupling to the output coaxial line. If a more 
exact match is desired, a link of 2 or 3 turns 
can be used over the output coil. The output 
coil is resonated in the center of a band by 
using a grid-dip meter and adjusting the coil 
dimensions. 

No loading resistor is used for operation on 
80 through 15 meters and the phone portion 
of 10 meters. A loading resistor of about 1000 
ohms is needed for complete 10- or 6-meter 
coverage. The only power required is from 
9 to 12 volts. A battery, a simple rectifier 
circuit off the heater line in a tube-type re-
ceiver or any other well-filtered source may 
be used. Required current is less than 10 mA. 

construction 
A small Vector board is the handiest base 

for construction. With care, the preamplifier 
can be built to occupy about 1 inch by IV2 
inch, which is small enough to fit into any 
receiver or transceiver. A suggested com-
ponent arrangement is shown in fig. 2. This 
layout should be followed fairly closely, with 
particular care given to the separation and 
orientation of the coils to prevent inter-
coupling and oscillation. Normally, no in-
stability or oscillation should exist. If this 
does occur, however, a shield across the 
middle of the 2N2360, connected to the case 
lead of the transistor, will solve the problem. 

No special precautions are necessary if the 
preamplifier is installed inside an equipment 
enclosure, except that the ground connection 
should be as short and as direct as possible. 
If the preamplifier is used in a separate box 
(such as a minibox) as a mast-mounted unit, 
a 1-mH rf choke should be installed from 
the input coaxial line center conductor to 

ground. This will prevent any high static 
voltage on an antenna from damaging the 
2N2360. 

The component layout of the completed 
universal high-gain transistor preamplifier is 
shown in fig. 2. (Note particularly that the 
output coil is mounted vertically to prevent 
coupling to the other inductors). The con-
struction shown may not deserve any kudos 
for neatness, but it does illustrate the ease 
with which the preamplifier components can 
be assembled. 

in summary 
Considering ease of construction and cost 

versus performance, the 2N2360 preamplifier 
circuit is certainly one of the best. It should 
be possible for the average amateur to build 
this preamplifier in one evening for any 
selected band with the aid of only a grid-dip 
oscillator. The improvement in performance 
that this preamplifier provides when used 
with most receivers and transceivers, parti-
cularly on 15 through 6 meters, is truly 
amazing. 

I have presented only the simplest con-
structional use of the 2N2360 transistor pre-
amplifier. Many variations are possible for 
those who would like to construct a more 
elaborate unit. Discrete tuning of the ampli-
fier instead of the broadband operation, for 
instance, will increase receiver gain some-
what and improve image rejection. When 
used as a tuned amplifier, the input circuit 
series capacitor is omitted, and the series 
capacitor in the input circuit secondary is 
variable. The primary circuit serves, then, as 
a simple coupling link. The output coil can 
be either broadbanded or tuned by a variable 
capacitor. 

If you want to construct a multiband pre-
amplifier, there is no reason why the input 
and output circuits cannot be bandswitched. 
Provision should be made for disabling the 
preamplifier, if possible. Although it would 
fake an unusually strong signal to overload 
the preamplifier, it is worthwhile to be able 
to determine positively, when signal distor-
tion does occur, whether the preamplifier or 
another part of the receiving system is at 
fault. 
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fet principles, experiments 
and projects 
Ed Noll, W3FQJ, noted for his previous 
works which include a three voJume Mod-
ern Communications Course and hand-
books for radiotelephone license exams, 
has done it again with this excellent and 
complete reference book on FET's. 

This book covers the principles of opera-
tion of the field-effect transistor from the 
very beginning. While it includes chapters 
on theory and math for the engineer, it al-
so explains how FET's work in everyday lan-
guage for the experimenter and ham. It al-
so shows applications as ac amplifiers, 
audio amplifiers and oscillators, and high-
frequency amplifiers, oscillators and com-
munications circuits. The projects are pre-
sented in an unusual way: they start with 
an audio amplifier, continue into detector 
and tuner projects and then combine them 
into one modern FET receiver. 

Other projects include QRP transmitters, 
absorption wavemeters and field-strength 
indicators. All projects include complete 
parts lists and use parts available from al-
most any distributor; the experimenter 
won't be stymied by non-availability of 
needed parts. 

This complete reference publication on 
field-effect' transistors is a valuable addi-
tion to the library. $4.95 from your local 
distributor, or write to Howard W. Sams 
and Company, Inc., 4300 West 62nd Street, 
Indianapolis, Indiana 46268. 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back! 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course—while de-
signed tor Commercial license qualification—con-
tains much of the new material called for by FCC 
Docket 15928—advanced and extra class you'll 
want to quality for before November of 1969, QRX 
until you get the information. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 

RCA INSTITUTES, INC. 
Dept. HR-29 
320 West 31st Street, New York, N.Y. 10001 • 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. | 

Name m 

Address. 

City -State. -Zip- I 
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NOISE BLANKER 
FOR THE SWAN 250 

Westcom Engineering is now offering the T N B 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Noise Blanker effectively sup-
p r e s s e s n o i s e g e n e r a t e d by auto i g n i t i o n s , 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 

Features include modem solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at tne trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown Installed on Swan 250 by means 
of the pre-punched accessory holes. 
TNB-250 529.95 ppd. 
(Priced well below that of a VOX accessory. 
Can you afford not have one?) 
Model T N B Noise Blanker, designed to operate 
with V H F converters by connecting in the coax 
between converter and receiver. 

NOISE BLANKER 
W E S T C O M 

Choice of 12-18, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 40. 20, 
or 10 meter converter output. 
Model T N B $29.95 ppd. 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the T N B Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For fast Air 
Mail add $.80) C.O.D. orders accepted with 
$5.00 deposit. California residents add sales 
tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

W E S T C O M 
E N G I N E E R I N G C O M P A N Y 

P. O. Box 2504 San Diego, Cal. 92112 

motorola power transistors 

Motorola has just introduced the first six 
members of a new line of intermediate-
power transistors. These new devices, in 
plastic packages, will dissipate up to 8 watts 
with suitable heat sinking. Although the pack-
age is only about the size of a TO-5 transistor, 
it can dissipate approximately 1 watt at an 
ambient temperature of 25° C. 

The npn MPSUOI and pnp MPSU51 are 
complementary transistors designed for use 
in audio amplifiers delivering up to 5 watts 
output. They have high gain and excellent 
current-gain linearity from 1 to 1000 mA. The 
maximum V C E 0 rating for these devices is 
30 volts, maximum continuous collector cur-
rent is 1.5 amperes, and device dissipalion is 
8 watts. 

The npn MPSU02 and pnp MPSU52 are in-
tended for general purpose amplifier and 
driver applications. These silicon transistors 
have excellent gain linearity, low saturation 
voltage, minimum f, of 150 MHz, maximum 
V C E 0 rating of 40 volts and 6 watts dissipa-
tion. The npn MPSU03 and MPSU04 are 1-
ampere devices for video output circuits and 
horizontal driver applications in TV sets. The 
collector-to-emitter breakdown voltage rat-
ing is 120 V for the MPSU03 and 180V for the 
MPSU4; total dissipation at 25° C case tem-
perature is 8 W. 

For more information on these new tran-
sistors, write to the Technical Information 
Center, Motorola Semiconductor Products, 
Inc., Box 20924, Phoenix, Arizona 85036. 

in-circuit transistor tester 

Amphenol has recently introduced a new 
compact transistor analyzer for checking 
transistors—in or out of a circuit—that also 
doubles as a very sensitive dc voltmeter. In 
addition, the unit functions as an accurate 
diode analyzer capable of measuring both 
forward and reverse current. This instrument 
was developed by Amphenol to minimize the 
time and effort required to pinpoint defec-
tive semiconductors. It can be used for 
troubleshooting all solid-state equipment, in-
cluding receivers, hi-fi systems, TV sets, fm 

72 g j february 1969 



tuners and tape recorders. 
The new Transistor Commander can check 

high- and low-power npn and pnp power 
transistors for in-circuit dc-currenl-gain char-
acteristics, check out-of-circuit devices for 
current gain, I C I U I and l C E O leakage, check 
diodes and rectifiers for in-circuit opens and 
shorts and check out-of-circuit diodes for 
forward and reverse currents. 

The new analyzer contains a current-
limiting circuit for protection against acci-
dental shorts; this prevents shorted transistors 
and diodes from damaging the instrument. 
In addition, simplified meter scales facilitate 
rapid testing, output test jacks are arranged 
so a quick-test socket can be easily adapted 
and the cabinet is constructed with a tilt leg 
for adjusting the meter to eye level. 

The Transistor Commander provides a dc-
currenl-gain range of 1 to 1000 ( ± 5%), ad-
justable collector current range of 0 to 10 
mA and collector-base leakage and collector-
emitter leakage measurements from 0 to 5 
mA. In diode testing, a 100-mA limit circuit 
protects the diode from damage. The built-in 
100-Vdc meter permits accurate measure-
ments with the same probes that are used 
for the other checks. 

For more information on the Model 830 
Transistor Commander, write to the Amph-
enol Distributor Division, Amphenol Cor-
poration, 2075 S. 25th Avenue, Broadview, 
Illinois 60153. 

10 watts at 1000 mhz 

Looking for high power solid state on the 
uhf bands? If so, here's a transistor that may 
interest you: the new S1050 from the Elec-
tronic Components Division of United Air-
craft. The S1050 is a silicon npn epitaxial 
planar transistor designed specifically for 
high-power output in class-C uhf amplifier 
service. It uses an overlay emitter design and 
delivers 10 watts at 1000 MHz with 5-dB gain. 
The stud-mounted package is modified for 
optimum performance in high-frequency, 
high-power applications. Price, $200. For 
more informations, write to Electronic Com-
ponents Division of United Aircraft, Trevose, 
Pennsylvania 19047. 

FEBRUARY CLEARANCE 
RECONDITIONED HAM GEAR 

RECEIVERS 

185 watts XMTR $319.00 
CLEGG 

Zeus 2-6 M 

COLLINS 
75A4 (early Model) RCVR $349.00 
75A4 (late Model) RCVR 450.00 
75S-1 RCVR 295.00 

DRAKE 
2B Q Multiplier $ 29.00 
Drake 28 RCVR 179.00 
Drake 2-C RCVR 195.00 

GALAXY 
Galaxy III $229.00 
Galaxy V 319.00 

GONSET 
Gonset Comm. II 2M XCVR $119.00 
Comm. Ill 6M XCVR 99.00 
GSB 100 XMTR 179.00 

HALLICRAFTERS 
SX99 RCVR $ 79.00 
SX96 RCVR 129.00 
SX110 RCVR 99.00 
SX115 RCVR 369.00 
HT 37 XMTR 229.00 

HAMMARLUND 
HQ 110C RCVR $129.00 
HQ 170C RCVR 189.00 

HEATH 
HR-20 RCVR $ 69.00 
MR-1 w/p.s. 29.00 
HW12 80 meter XCVR 89.00 

JOHNSON 
Thunderbolt 80-10M Linear $260.00 
Ranger II XMTR 149.00 
Ranger I 79.00 

NATIONAL 
NC173 RCVR $ 79.00 
NCX-5 XCVR 385.00 
NCL-2000 Linear 385.00 

SWAN 
SW175 XCVR 75 meters $129.00 
Swan 240 (75-40-20) XCVR 

with TCU VFO 269.00 
Swan 420 VFO 79.00 
400 XCVR 339.00 
Swan 350 329.00 

ALL CASH ORDERS SHIPPED FREE 
IN THE 4 8 STATES 

MISSION HAM 
ELECTRONICS 

3316 Main Street, Riverside 3, California 92501 
Phone 683-0523 (area code 714) 
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a second look 
J 

Jim 
fisk 

How many times in the last twelve months 
have you heard somebody comment to the 
effect that the days of creative basement 
and backyard engineering were over? With 
lasers, Gunn oscillators, fancy semiconduc-
tors and all the other esoteric paraphernalia 
that is announced every day by the scien-
tific community, I would tend to agree. But 
occasionally there is a glimmer of hope— 
within the last two weeks I have heard of 
two cases where amateurs have made im-
portant contributions to the rest of the elec-
tronics world. 

The first item concerns a Canadian, Syd 
Home, VE3EGO, and an engineer friend, 
Doug Watson. Syd became interested in 
slow-scan television several years ago and 
was at the North American end of the first 
trans-Atlantic slow-scan television link. After 
experimenting with equipment originally 
designed by W A 0 N L Q , Syd recognized some 
of its limitations. Slow-scan requires eight 
seconds per frame, so any adjustments the 
operator makes in focus, brightness or con-
trast are difficult because it takes eight sec-
onds to see the results; also, slow-scan 
vidicons are expensive. Doug Watson, after 
some prodding from Syd, came up with a 
solid-state camera and monitor which uses a 
fast-scan vidicon with sampling techniques 
to provide a slow-scan output. With this 
system, any adjustments are immediately 
visible and pictures are brighter and of high-
er quality. 

The other development I heard of re-
cently involves a new family of antennas 

that have performance characteristics that 
are pretty extraordinary—simple construc-
tion, switchable vertical or horizontal polari-
zation, wideband and apparently, equal-to-
rotary-beam performance. These antennas 
are the invention of George Bonadio, 
W2WLR, and are the result of backyard en-
gineering work going back to 1953. At that 
time he was using a Windom antenna and 
wanted to broadband it. He took two Win-
doms, put them back to back, flared out the 
ends for broadbandedness, and found they 
presented a very broad reactance curve. 

Experiments with different feeds, antenna 
tuners and element arrangements resulted 
in a family of four antennas with perform-
ance characteristics that apparently cannot 
be explained with the normal rules. A patent 
has been issued for the first antenna—the 
square-diagonal—and patents are pending 
on two and applied for on the last. 

Some details of these exciting new anten-
nas will be featured in next month's issue of 
ham radio along with the new sampling sstv 
camera and monitor from Canada. Although 
the slow-scan equipment was not complete-
ly amateur developed, since most of the 
design work was done in an industrial R & D 
lab, much of the ground work and certainly 
the concept stemmed from amateur slow-
scan work. On the other hand, the family of 
Bonadio antennas was completely amateur 
conceived and amateur developed. 

Jim Fisk, W1DTY 
Editor 
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The input 

matching network 

and plate circuit 

are unique in this 

strip-line amplifier-

self neutralization 

is also featured 
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This article describes the design of a 150-
MHz, 2000-watt PEP input, grounded-grid 
linear amplifier. I built this amplifier to 
conduct life tests and determine the per-
formance characteristics of ihe new Eimac 
3CX1000A7 high-mu ceramic triode at 150 
MHz. Many of Ihe design techniques and 
performance figures at 150 MHz will be of 
interest to ihe serious vhf and uhf experi-
menter. By changing the cathode match-
ing network and the plate line length, this 
amplifier would be excellent for Ihe 144-148 
MHz band. 

Several propagation modes, in which the 
maximum legal input power can be justi-
fied, are possible in the two-meter band. 
Meteor scatter, moonbounce, forward scat-
ter arid tropospheric bending are but a 
few. 

Running the full, legal one-kilowatt aver-

Amplifior with the access door open; 
the 3CX1000A7 can be seen mounted 
in Ihe plate line. 
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age power input to the final amplifier in 
the cw and ssb mode has been fairly easy 
in the region between 2 and 30 M H z with 
the large selection of power tubes and cir-
cuits available. At these frequencies, many 
small tubes can be paralleled to develop 

also use four such tubes to develop an 
average plate input power of 1 kW for ssb 
radiotelephone service, with reasonably 
low intermodulation distortion. A single 
4CX1000K can be used to give 1 kW aver-
age input power, under voice conditions, 

Top view of the amplifier with the shield removed, t h e variable tuning capacitor on the left was changed In 
the final model to a fixed capacitor. The output coupler coax may be seen protruding from the back panel. 

power-handling capability. At 144 MHz, 
however, tubes that will handle 1-kW aver-
age power with good efficiency, stability 
and reliability are few, and large arrays 
of television sweep tubes are impractical. 

choice of tubes 
Many successful amateur designs have 

been built for 144-MHz, 1-kW continuous 
duty (single-tone) using the 4X150A, 
4CX250A and 4CX300A tetrodes. General-
ly, two tubes are used in push-pull. You can 

in a 144-MHz amplifier1 with good efficency, 
stability and low drive. 

Many popular high-frequency amplifiers, 
using zero-bias glass triodes such as the 
3-400Z, 3-500Z, and 3-1000Z, are now being 
used in grounded grid. The 3-400Z and 3-
1000Z have been used successfully in 150-
MHz grounded-grid amplifiers, but neutral-
ization is difficult.2 The 3CX1000A7, a zero-
bias, ceramic, high-mu triode is now avail-
able, which simplifies these problems. It is 
well-suited for vhf. 
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The 3CX1000A7 is electrically similar to 
the 3-1000Z. The amplifier described in the 
following paragraphs uses this metal-ce-
ramic tube in a circuit for 150 MHz, and 
it has all the advantages of zero bias and 
grounded grid. Bias and screen-voltage 

£ Q 

found in any well-equipped metal shop. 
Vou could do the job yourself with a hack-
saw, file, drill and some perseverance. 

The plate tank has a characteristic im-
pedance, Z0 , of 60 ohms. The higher the 
impedance of this part of the circuit, the 
less will be the Q in the line; consequently, 
you will have a greater bandwidth. A 
wide bandwith isn't necessary to pass the 
modulation frequencies, but it is desirable 
if you want to eliminate a trimming de-
vice. A large amount of heat must be dis-
sipated by the plate circuit, and if the 
circuit Q is low, the tank circuit will not 
detune as rapidly as it would with a high-Q 
circuit. 

There's a practical limit as to how high 
you can make the plate strip-line imped-
ance. Tube output capacity, plus strays, 
will limit the impedance and length of 
plate line: 

Xc = Z0 tan L 

where: 
Xc = tube output reactance. 
Z0 = characteristic impedance of plate line. 
L = line length in electrical degrees. 

For a quarter-wave line, Z0/Xe= 2 is ade-
quate (fig. 1). 

The plate strip-line is also useful for 
making a sandwich-type blocking capac-

0.5 I.O 1.3 eo 2.5 3.0 

CHARACTERISTIC IMPEDANCE (Zoi 
CAPACITIVE REACTANCE (Xc) 

fig. 1. Frequency dependence of tuned transmission-
line segments as compared to an LC circuit. Zo is 
the characteristic impedance of the line and Xc is 
the capacitive reactance acting on the sending end 
of the line. 

supplies aren't required. Stage gain is 
high, and neutralization is simple and ef-
fective. 

the plate circuit 
The choice of the plate circuit is impor-

tant in the design of a vhf amplifier. I used 
a strip-line amplifier because it requires 
less machining.3 A brake, shear and drill 
are all that are required. These tools are 

Xo • ». 

*C1 
fr « 1} 

0t i- (Xc,/QlR, ) 

0L • LOADED 0 OF NETWORK 

fig, 2. The schematic and equations ia«d to calcu-
late the input matching network. For this amplifier, 
R1 = 50 ohms, R2 = 42 ohms and assigned loaded 
Q is 2. 
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itor. In this strip-line assembly, a 10-mil-
thick piece of Isomica was used for the 
dielectric. Mylar or teflon could be substi-
tuted with good results. 

Output coupling is by a sliding contact 
on the inside surface of the plale line. As 
the sliding contact moves toward the 
anode, the area of the pickup loop in-
creases, thereby increasing the coupling. 

the input circuit 
The input, or cathode tuned circuit, is a 

T network designed to match a 50-ohm 
coaxial line to the 42-ohm cathode driv-
ing impedance of the 3CX1000A7 (fig. 2). 

The EIMAC SK-870 sockei mounts direct-
ly on the chassis with the control grid con-

Tha input matching network in rela-
tion to the tube socket at the input 
coax tine. The coil between the 
socket and the variable capacitor 
assembly is L1. The coil in the lower 
left-hand corner is the bifilar filament 
choke. 

tacts in contact with the chassis; that is, 
the control grid is at dc ground. The grid 
current is metered in the cathode return 
lead. The SK-870 sockei is modified, as de-
scribed later, to accomplish neutralization. 

The driving impedance of the 3CX1000A7, 
in grounded-grid operation, is 42 ohms in 

fig. 3. Block diagram of the test set-
up to determine the self-neutralizing 
frequency of the 3CX1000A7 triode and 
SK870 socket. 

parallel with about 20 pF of input capac-
itance. In order to simplify the design of the 
input circuit, it is assumed that the input 
to the 3CX1000A7 is resistive only. By mak-
ing the matching network components vari-
able, it's possible to resonate the input net-
work, including ihe 20 pF of lube capac-
itance, while accomplishing the desired 
match. 

Fig. 2 shows the matching network and 
the design equations used. Under full 
plate-current load, the input malch is ad-
justed to a 1:1 vswr, because only under 
full-load conditions will Ihe tube input re-
sistance be at the design value of 42 ohms. 
It's possible, however, to adjust the input 
network without the amplifier operating. 
Measure the resistance of a good-grade 
42-ohm carbon resistor on an impedance 
bridge, then place the resislor between 
grid and cathode. The filament and all 
other voltages on ihe 3CX1000A7 must be 
off for this adjustment. A small amount of 
drive is applied through a standing-wave 
bridge. The input network is then adjusted 
for a 1:1 vswr at ihe operating frequency. 

The "cold" adjustment won't be exactly 
correct, bul the technique does allow the 
network lo be tested and closely adjusted 
before application of power. The final ad-
justment is done with all voltages applied 
to the amplifier and tube wilh the 42-ohm 
carbon resistor removed. 
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self-neutralizing frequency 
The 3CX1000A7 and SK-870 were tested 

in a special lest fixture that treats the tube 
and socket as a four-terminal network. 
The anode was driven by a high power 
signal generator. The feedthrough signal 
was then detected an the cathode (see 
fig. 3). The control grid was grounded dur-

Tha Elmac SK870 socket. The six 
1/8-Inch matat spacers must be re-
moved to neutralize the amplifier. 

ing this test, A curve was then plotted 
showing the relative magnitude of the 
feedthrough signal as a function of the 
signal-generator frequency. 

The radio-frequency signal amplitude on 
the anode must be kept the same at all 
frequencies. A frequency wi l l be found at 
wh ich there is a min imum feedthrough sig-
nal ; this point is called the self-neutraliz-
ing frequency of the lube and socket (fig. 
4). The frequency thus obtained may be 
used as a guide in the design of a neu-
tralizing circuit for the amplif ier. 

The graph of fig. 4 indicates a self-
neutralizing frequency of "105 M H z ; this is 
lower than the operating frequency (150 
MHz) . The amplifier was unstable at 150 
MHz before neutralization was applied. 
To raise the self-neutralizing frequency 
closer to 150 MHz , it was decided to lower 
the control-grid lead inductance. The S K -

870 socket was modif ied by removing the 
six grounding spacers (see photo). These 
are metal spacers approximately 1/8-inch 
thick on each of the six SK-870 mounting 
screws. This modification al lows the socket 
to be mounted 1/8-inch closer to the 
chassis. 

The self-neutralization curve was again 
run wi th the same fixture and this modif ied 

tig. 4. Relative input-to-output circuit isola-
tion as a function of frequoncy before the 
socket modification. The self-neutralizing fre-
quoncy is just below 105 MHz. 

fig. 5. Relative Input-to-output circuit isolation 
as a function of frequency after the sockot 
modification. The self-neutralization frequency 
has moved up to 136 MHz. 

FREQUENCY IMHfj FREQUENCY (MHz! 
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fig. 6. Schematic of the 
grounded-grld 150-MHz ampli-
fier. C4, C5 and L2 are part 
of the plate line; see fig- 7. 
The blower delivers 37 cfm at 
0.4 inch of water. 

met 

INPUT 

[GRTIJ 

o 6 
117 VAC 

C1 11.9 pF (see matching network photo) 

C2 1.06 pF (see matching network photo) 

C3 1500 pF. Three SOO-pF, 500-V stud-mounted 
button micas, spaced uniformly around the 
filament ring 

L.1 0.089 /iH. 3 turns no. 14 wire, 1/16" diame-
ter, 5/8" long 

RFC1, 2 10 turns no. 16 tinned, 0.650" OD, 1-1/2" 
long 

RFC3 bifilar coil no. 10 wire, each coil 5 turns, 
3/4" ID, 1-5/8" long 

T1 5 V, 33 ampere filament transformer 

socket. Fig. 5 shows the results: the self-
neutralization frequency has now been 
moved to 136 MHz. The socket was again 
mounted in the amplifier, which was then 
retested for stability. The amplifier was 
stable, and ihe power output peak coin-
cided with the plate current dip. Either 
arrangement of the socket grid return leads 
raised the self-neutralization frequen-
cy sufficiently to achieve stability or 
the neutralization point is sufficiently 
broad to include 150 MHz. It wasn't neces-
sary to improve ihe neutralization further. 
Undoubtedly this simple socket modifica-
tion is necessary to achieve optimum sta-
bility in ihe two-meter band. 

amplifier assembly 
The schematic of the amplifier is shown 

in fig. 6. Note that the circuit is much the 
same as that of an hf amplifier. Only the 

Closeup of the output load coupler. The 
teflon block, with the fingerstock mounted 
on top, forms an adjustable loop as it slides 
back and forth to adjust the loading. 
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plate lank circuit and the input matching 
network can be considered unique. The 
metering of the grid and plate currents is 
in the negative return leads. The grid is 
metered in this manner to allow a very 
low impedance radio-frequency connec-
tion between the control grid and the 
chassis. 

As noted previously, this grid circuit 
is part of the amplifier neutralization 
scheme, and the use of a grid by-passing 
arrangement could have complicated the 
amplifier neutralization. The plate current 
is metered in the negative return lead in 
the interest of safety. It is always danger-
ous to have a plate current meter mounted 
on the front panel if the meter is operat-
ing at a high potential with respect to 
ground. 

A 25-ohm, 10-watl safety resistor must be 
connected between the negative terminal 
of the plate power supply and ground. If 
either grid or plate meter should become 
open circuited, and the plate side of the 
power supply shorts to ground, the negative 
side of the plate supply could assume a 
potential equal to the supply voltage. The 
25-ohm resistor will prevent the negative 
terminal voltage from soaring and will 
load the power supply sufficiently to cause 
the fuses, or overloads, to function. 

Fig. 7 is a pictorial of the plate line and 
the dimensions that were used in the 150-
MHz amplifier. 

operating results 
The amplifier has been operating at 150-

MHz many hours under the following con-
ditions: 

Plate voltage 
Plate current 
Plate input power 
Grid voltage 
Grid current 
Output power 
Drive power 
filament voltage 
Filament current 

2500 volts 
800 milliamperes 
2000 watts 
0 volts 
240 milliamperes 
1175 watts 
50 watts 
5 volts 
33 amperes 

Note the output power and the required 
drive power; the power gain is 23.5 times 
or 13.7 dB. 

No intermodulation distortion tests were 
made at 150 MHz although tests have 
been run at 2 MHz to determine the tube 
characteristics. Under the same operating 
conditions given for 150 MHz, the third-
order intermodulation products were no 
less than 32 dB down, and the fifth-order 
products were better than 38 dB clown from 
one tone of a two-equal-tone test signal. 

references 
1. Barber el al, "Modern Circuit Design lor VHF 
Transmitters," CQ, November & December, 1965. 
2. Orr and Sayer, "Semi- and Super-Cathode Driven 
Amplifiers, QST, June & July, 1%7. 
3. William I. Orr, W6SAI, and lohn T. Chambers, 
W6NLZ, "Strip-line Kilowatt lor 132 MHz," ham 
radio, September, 1968. 

ham radio 

fig. 7. Cutaway view of 
the 3CX1000A7 plato line. 
The isomica is the dielec-
tric for tthe plate-blocking 
capacitor C4. The two 
support pillars and six In-
sulating shoulder wash-
ers are made of teflon 
as is the sliding output 
coupler block. The finger 
contact strip for the anode 
of the 3CX1000A7 is In-
strument Specialties Com-
pany no. 97-133. A moro 
detailed drawing of the 
plate line is available 
from the author. 

WOUND PLAJt 
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simple 
high-stability 

variable frequency oscillator 

Some experimental 

and practical 

construction notes 

on a stable 

solid-state 

Seiler 

oscillator 
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How would you homebrewers like a vfo with 
less drift than most factory-built ssb gear, 
very fast warmup, linear dial calibration, 
a capacity for using a wide variety of silicon 
or germanium transistors (pnp or npn) with-
out any circuit changes, unusually flat output 
vs frequency, low cost, compactness and the 
capacity to be built with simple hand tools? 
So did I. After building and testing four dif-
ferent vfo circuits, I chose the circuit in fig. 1 
as the most reproducible vfo circuit with 
good operating characteristics. 

circuit 
The oscillator circuit I finally selected was 

W i|l IR s (now W3JM) synthetic rock.1 My 
first iry with this circuit showed that Captain 
Lee's performance claims were very modest, 
and some of the circuit advantages weren't 
even mentioned. My next effort used the 
same circuit but was ruggedly built in a box 
of precision-machined hard aluminum with 
1/8-inch end plates; this served as a "me-
chanical standard." This model (oscillator 
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number 1) used two RCA 2N247 germanium 
transistors. 

A second model (oscillator number 2) was 
buf/t with plastic-encapsulated silicon transis-
tors (dc beta about 50) in a 3x4x5-inch alumi-
num utility box; the layout and circuit board 
are shown in figs. 2 and 3. However, in my 
unit, the circuit board was not etched; com-
ponent leads were used for all interconnec-
tions. When this much more simple 
construction was compared to the "mechani-
cal standard," it was obvious that it was 
completely adequate for single-sideband. If 
it were incljjded in a complete ssb package, 
of course, much of the total stability would 
depend upon the rigidity of its mounting on 
the main chassis. 

The drift characteristics of oscillators num-
ber 1 and 2 are plotted in fig. 4. Note how 
closely the drift curves of the two units 
paralleled one another when the ambient 
temperature was deliberately forced up 10 
degrees. This is a good indication of what 
will happen if you mount the completed vfo 
next to a well-stoked 6146! Temperature com-
pensation is definitely in order for chassis 
position with wild temperature ranges. 

The drift runs plotted in fig. 5 were made 
with the oscillators covered by small card-
board boxes. Since the first hour of these 
runs was spent checking out the instrumen-
tation, no warmup drift is shown. With such 
minimal protection against the temperature 
effects in my basement—during a particularly 

* VFO 1, 2 , 4 VFO 3 
CI 1S0(ARC-5J see TEXT 
C1 100 SM so s« 
C3 3000 SM 1000 SM 
C4 1000 SM 300 SM 

cold spell in January—I felt the performance 
was nothing short of remarkable. 

The drift runs plotted in fig. 6 were made 
with oscillator number 2 protected by a 1/2-
inch thick styrofoam box. Warmup drift in 
curve A was quite reasonable, although a 
slight improvement was obtained (plotted in 
curve B) by replacing the metal tuning shaft 
with a bakelite shaft to minimize heat trans-
fer into the styrofoam package. 

The next vfo I built—oscillator number 3— 
was a try at further miniaturization; I also 
wanted to check the circuit at higher frequen-
cies. The vfo was built into a small 4x4x2-inch 
aluminum utility box as shown in fig. 7. The 
feedback capacitors C3 and C4 used in 
oscillators number 1 and 2 at 3.5 MHz were 
much too large at 9 MHz; unless I used a 
transistor with extremely high gain, the circuit 

HOT SIDE 
L^-OF COL 

fig. 1. This vfo circuit was the most 
stab]* of several tried; it was origi-
nally developed by W3JHR. 

fig. 2, Full-siz* printed-eircuit leyoirt 
for th» vfo shown in fig. 1. 

wouldn't oscillate. The values I finally used 
are shown in fig. 1. 

The first variable capacitor I used in oscil-
lator number 3 was a popular low-priced 
double-bearing 15-pF unit. It was a bit stiff 
to rotate, and vfo drift was terrible: jumps of 
1 kHz in 5 minutes were common each time 
the dial was reset to a different frequency. 
This capacitor was replaced by a single-
bearing 15-pF Millen 22915 variable. A single-
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bearing variable is usually riot mechanically 
stable where any vibration is present, but for 
bench tests it is adequate. 

The new Millen capacitor operated very 
smoothly and required very little torque. The 
drift run plotted by curve A in fig. 8 showed 
promise. The capacitor was then "exercised" 
by chucking the shaft in an electric drill and 
running it in a bit while feeding oil to the 
bearing. Several days later a couple of 
frequency runs showed that the rotation stic-

oscillator number 3 will make a useful vfo 
for vhf work. Another possibility for vhf work 
would be to put a larger capacitor across the 
feedback capacitor C4. If a 100-pF variable 
were placed in parallel with the 250-pF mica 
capacitor used for C4, the vfo will tune from 
approximately 8333 to 8500 kHz. This should 
maike a very stable vfo for the low end of 6 
meters. The change in feedback should not 
materially affect over-all stability, although 
the output voltage may vary somewhat from 

tion had been largely eliminated: plot B in 
fig. 8 is typical. Further improvements in 
mechanical stability could probably be ob-
tained by replacing the utility box covers with 
covers made from 1/8-inch aluminum sheet. 

If you have a very smooth capacitor that 
will fit into a small utility box, the layout of 

one end of the band to the other. 
Since oscillator number 2 seemed to repre-

sent an optimum type for general purpose 
construction, an identical model was built to 
check reproducibility. An ARC5 tuning capaci-
tor was used but the oscillator was set up 
for oscillation at 9 MHz. The oscillator 
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transistor was a plastic encapsulated silicon 
device with dc beta between 400 and 500. 
As you can see from the drift characteristic 
plotted in curve B of fig. 9, it leaves some-
thing to be desired. 

This same vfo was then shifted to 2 MHz. 
At 2 MHz oscillation was easily obtained with 
a pair of unmarked surplus silicon transistors. 
The frequency change was an experiment to 
see if such misfit semiconductors would have 
any significant effect on the drift character-

SIDE VIEW 

fig. 3. Mechanical construction of vfo number 2. 

istic. As you can see from curve A in fig. 9, 
the unit was quite stable. 

The only adverse effect I could find with 
this circuit was the frequency shift per volt 
change in power supply voltage. With the 
misfit transistors, drift was 500 Hz per volt; 
all the other oscillators exhibited a shift of 
100 to 125 Hz per volt. In one case, with 
oscillator number 1 at 2.5 MHz, the drift was 
45 Hz per volt; at 4 MHz, this same oscillator 
showed 125 Hz per volt drift. This is not at 

rmoH or *>• TENP SWIFT 

STMT Of W UftMftO 
re»tr shift-

OSC SWUNG 4MMY « 
1E3ET TO ORIGINAL 
FFLCO TO CHECK 
MCCH STASIUTY 1 

TIME (hours) 

fig. 4. Drift characteristics of 
oscillators 1 and 2. 

£ 
U. 
$ 

l 
3 
y 200 
E 

CURVE V 
NO. I AT 3.9 MNI) 

TIME (hours) 

fig. 5. Drift characteristics with the vfo in a fairly 
constant temperature environment. 
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all severe and can be cured with a simple 
voltage regulation circuit. 

If your application calls for a vfo output 
other than 3.5 or 9 MHz, it may be necessary 
to change the values of the coupling and 
feedback capacitors for optimum results. As 
a starter, the reactance of C2 should be about 
600 ohms, C3 about 20 ohms and C4 about 
60 ohms at the frequency of operation. 

Since the output of the vfo itself is quite 
low—on the order of 0.5 to 1.5 volts peak to 
peak—it will be necessary to add a buffer 
amplifier for most applications. The output 
impedance of the oscillator stage is fairly 
high, so a high input impedance buffer stage 
using an fet or Darlington-connected transis-
tor is required to minimize loading. 

circuit advantages 
Perhaps one of the most interesting ad-

vantages of this vfo circuit is the remarkably 
flat output voltage vs frequency characteristic. 

£ 
K 

5 
CURVE V (OSC NO. 2 AT 4 MHz, RUN NO. 3. 

STYHOFOAM BOX, SHAFTS METAL) 

•CURVE "B'lOSC NO.Z AT 4 MHl, RUN NO.*, 
' STYROFOAM BOX, PLASTIC SHAFT) 

TIME (hours) 

fig. 6. Drift characteristics when the vfo was pro-
tected with a '/2-inch styrofoam box. 

All of the oscillators were checked with a 
Tektronix scope, and output variations were 
1 dB or less over all of the bands checked. 
This is obviously an advantage if the vfo 
is fed directly into a mixer stage. The mixer 

can be set up for optimum characteristics 
with assurance that they will not change with 
the vfo setting. 

Another plus factor for this circuit is the 
clean waveform. Unless the feedback ratio— 
determined by C3 and C4—is too far off, or 
the reactance of the group of capacitors is 
too high (vfo on too low a frequency), wave-
form is excellent. This is an invaluable aid 
when designing a high performance mixer 
circuit. 

BOARO FASTENED WITH 
SPADE BOLTS-

\MILLEN ISpF 
DOUBLE'S PACED 
NO. 22915 

fig. 7. Mechanical construc-
tion of vfo number 3. 

tank circuit components 
I can't stress too highly that the real heart 

of these vfo's is the tuning capacitor and coil. 
It's probable that a good deal of the ex-
cessive drift on oscillator number 3 could be 
traced to one of these components. The 
variable capacitors used in oscillators 1 and 
2 were originally installed in ARC5 trans-
mitters. This capacitor is probably the best 
all-around choice for these vfo's; it is well 
built with high grade parts, and the gear drive 
ratio is adequate for the job. This is important 
because a drum dial can be attached to the 
end of the gear drive; this will save the cost 
of a separate dial and drive assembly. 
Another advantage of the ARC5 capacitor 
is dial calibration—it is essentially linear. 

If you use a different type of capacitor, 
watch for erratic frequency jumps each time 
the capacitor is reset. To assess the merits of 
a particular capacitor in this respect, set the 
dial on a particular frequency from a clock-
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wise direction. Make another run the next 
day, but approach the same frequency from 
the counter-clockwise direction. After about 
four frequency-setting runs you' l l see the 
difference. This drift is mechanical and wi l l 
usually be opposite to the direction you 
turned the capacitor. 

The coil must be a rigid, quality unit. In 

pitches to give you some experimental forms. 
In one vfo I built, I found a mysterious and 

sudden frequency shift. This was eventually 
traced to the manner in which the coil was 
terminated. The coil form had a hole near 
the end, and the coil wire was pulled through 
the hole several times to secure it. When the 
wire was pulled through the hole, the insu-

2 
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OVERALL DRIFT, 
"•22 Hf AT 9MHT* 

CURVE "B" 
-(OSC NO. 3, RUN NCI 6) 

CURVE "A" 
(OSC NO. 3. RUN NO. 7) 

0 1 2 3 4 3 

TIME (hours) 

fig. 8. Drift characteristics of 
oscillator number 3. 

CURVE B 
(OSC NO. 4 AT 9 MHi-
' RUN NO. S) 

TIME (hours) 

fig. 9. Drift characteristics of oscillator 
number 2 when it was shifted up to 9 MHz 
and down to 2 MHz. 

one model 1 had good results wi th a high 
grade phenolic form, so this material isn't 
completely hopeless. I also tried commercial 
airwound coils; I found the best way of 
mounting these was to cement a block of 
polystyrene to one of the supporting ribs wi th 
Q-dope. Tests seem to indicate that if the 
leads from the coil to the circuit board are 
not preformed to fit wi th a minimum of 
stress, the bui l t- in stress becomes a source of 
dri f t later on. 

The oscillators used for the frequency drift 
runs presented here all used ceramic coil 
forms. The average homebrewer wi l l have 
the best results wi th grooved forms if they're 
available. If they're not, try to get some 
phenolic tubing and have a machinist friend 
lightly groove several pieces at various 

lation was damaged and resulted in a partial 
t iny turn that occasionally shorted out. From 
there on, I used small bolts and nuts to form 
a stud to solder the wire to. 

Table 1 lists the approximate inductance 
required for any output frequency range be-

table 1. Tank circuit inductance for different fre-
quency ranges. 

vfo range inductance 
(MHz) 0»H) 

1.7 - 2.1S 34 
2.0 - 2.5 25 
2.5 - 3.1 16 
3.3 - 4.2 9.5 
4.0 - 5.0 6.3 
5.0 - 6.2 4.0 
6.0 - 7.5 2.8 
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tween 1.7 and 7.5 MHz with the ARC5 
variable capacitor. No exact coil winding 
information is presented here because each 
individual builder will probably use a coil 
form available in his junk box. In the vfo's 
that I built, no effort was made to select form 
factor (coil length-to-diameter, ratio), wire 
size or spacing for maximum Q. Several coils 
that I used departed a great deal from opti-
mum, but results were uniformly good. 

measurements 
To make any kind of reasonable frequency 

measurements, you'll need a good crystal 

standard powered by a well regulated supply 

and capable of being zeroed in on WWV. A 

100-kHz standard is generally poorer than 

a 1-MHz standard, but either will suffice if 

you use care. I use a BC-221 frequency meter 

with a regulated power supply in the "crystal 

only" mode. Owners of the LM version can 

shift the heterodyne oscillator out of the 

ballpark and depend on the crystal by it-

self. With a four-hour warmup, either model 

makes a good standard. 

Many BC-221 owners are not aware that 

some models have a crystal frequency adjust-

ing capacitor located underneath the name-

plate on the front panel. When making a 

drift run, I secure the nameplate with mask-

ing tape to permit quick access for zeroing 

to W W V ; it's best to replace the nameplate 

each time to minimize thermal shifts. 

To measure vfo drift, the beat note be-

tween the 1-MHz standard and the vfo is 

compared to the audio frequency output of 

a Hewlett-Packard 200C audio generator. The 

HP-200C is very accurate and stable with a 

four-hour warmup period. Nevertheless, I 

compare the output to the 60-Hz line fre-

quency for maximum accuracy. You can use 

any old oscilloscope for the Lissajous pat-

terns. 

A homebrew solid-state phase-shift audio 

generator could be built to cover 200 to 1000 

Hz for this work. If calibrated at 60-Hz 

intervals, with the 30-Hz points estimated, it 

should be suitable for most purposes. 

If you use a homebrew audio generator, 

it will be necessary to minimize error due to 

its drift. One way is to make all your fre-

quency measurements at a multiple of the 

vfo frequency. For example, if a 3-MHz vfo 

and crystal standard are compared at 3 MHz 

and the vfo drifts 10 Hz, you must be able to 

rely on your audio interpolation oscillator to 

within 10 Hz. O n the other hand, if you feed 

the output of the crystal standard and vfo 

into a receiver tuned to 30 MHz, you can 

measure the tenth harmonic. 

Any drift will also be multiplied by ten, so 

a 10 Hz drift at 3 MHz becomes a 100 Hz 

drift at 30 MHz and is easily read on your 

audio oscillator comparison setup. Be care-

ful: the crystal standard frequency is also 

multiplied! If it was set within 1 Hz of W W V 

at 5 MHz, 30 MHz is six times higher, so your 

crystal-standard error is 6 Hz. 

Any oscillator will shift frequency with 

changes in supply voltage. If your vfo shifts 

200 Hz with a 1 volt change in supply volt-

age, you must be able to measure voltage 

changes as small as 0.05 volt to be sure that 

frequency shift doesn't exceed 10 Hz. 

One simple way of measuring small voltage 

changes is illustrated in fig. 10. In this circuit 

a zero-center microammeter compares the 

voltage difference between the power supply 

and a reference battery. As long as no differ-

ence in voltage exists between the power 

supply and the reference source, no current 

flows through the microammeter. With this 

setup, you can set the power supply voltage 

within about 0.01 volt. 

Since the battery operates under no load, 

it is a stable reference if it's in guod condi-

tion. The power supply must be pretty well 

regulated or you will spend all your time 

following its variations trying to keep the 

meter zeroed. 

If you want to set your power supply to 

other voltages with the same precision, the 

reference must be changed. A string of fresh 

flashlight batteries connected in series pro-

vides a simple means of setting up a variety 

of test voltages. Although a precision tem-

perature-compensated zener in a constant-

current power supply would do the same 

job—particularly if the zener is held in a 

constant temperature environment—don't 

substitute a simple zener reference in place 

of the batteries. 
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measurement errors 
Make a few drift runs on your crystal and 

audio standard to find out what the errors 
are. Similarly, make a few runs on the vfo 
power supply to find out how far it actually 
drifts. In a complex setup like this, a number 
of uncertainties exist, including vfo supply 
voltage, crystal standard error, interpolation 
error in reading the audio generator, audio 
generator drift and frequency multiplication 
error. In the work described here, every 
effort was made to maintain cumulative 
measuring error within 10 Hz. 

cause of the rapid warmup, I suspect that 
much of the warmup drift is caused by C2. 
Replacing this capacitor with a fixed air pad-
der might help—albeit slightly. A larger, 
high-Q coil might also help. 

Although I used carbon composition re-

sistors in all the vfo models that I built, 

precision film resistors chosen for tempera-

ture coefficient may make some slight im-

provements in operating-point stability. 

However, these improvements would all be 

small, and I suspect the cost of the unit would 

increase considerably before there would be 

isemsiTivrrY 

. J X . 

BC-221 
FREO METCK 
IKTAL OM.VI 

HP zooc 
AF GEN 

fig. 10. Test setup for measuring vfo drift. 

The last source of error is usually neglected 

in vfo descriptions—environment. My base-

ment is relatively cold and drafty with a fair 

amount of temperature variation. A number 

of runs were repeated when data was sus-

pected due to temperature variations. My 

"standard" in this case is a photographer's 

darkroom thermometer. With the exception 

of drift run number 1, the drift curves are 

those which had the least ambient tempera-

ture variation during the run. Furthermore, 

no drift run was started less than 24 hours 

after any previous run, or after I did any 

soldering on the circuit. 

summary 
It may be possible that with further experi-

mentation, the stability of this circuit could 

be improved. However, with the instrumen-

tation I am using, it would be difficult to 

evaluate any improvement accurately. Be-

any substantial improvement in drift charac-
teristics. 

In conclusion I would like to thank Captain 
Lee, W3JM (ex-W3JHR), for this remarkable 
circuit; few solid-state circuits are as bug-free 
and tolerant of component values as this one. 
The transistors I have used in the course of 
my experiments have run the gamut—ger-
manium and silicon, pnp and npn, pullouts, 
unmarked surplus, high and low beta, hf and 
vhf types have all been used interchangeably 
with no changes except polarity of the power 
supply. All produced remarkably similar— 
and good—results. 
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a plug-in 
integrated-circuit 

frequency calibrator 

You can use 

your existing 

receiver 

calibration crystal 

and tube heater supply 

for this 

IC marker generator 

* 
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The new sub-bands reserved for amateurs 
who have taken advantage of the incen-
tive licensing laws are now a fact of life. 
Operating in these bands is a real privilege 
for those who have improved their oper-
ating skills and technical knowledge. 

If you don't have your advanced or ex-
tra-class ticket yet, you're probably going 
to need something better than the fre-
quency calibrators built into most ama-
teur receivers. Instead of having to worry 
about only two frequencies (at the old 
band edges), you must now be able to de-
termine accurately the edges of the new 
sub-bands. Even if you're in the top 5000 
who are privileged to operate down in the 
"basement," the little solid-state plug-in 
calibrator described in this article is just 
the answer to "where am 1?" 

Those who may have missed the insert 
in ham radio showing the new frequency 
allocations can get a copy by writing to the 
editor. You might like to thumbtack this 
handy operating aid near your receiver or 
transceiver as a reminder. 

Presented here is a simple plug-in fre-
quency calibrator using the crystal in your 
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existing calibrator. No extra power is 
needed. You need only the power used by 
your present calibrator tube heater. Most 
calibrators put out markers at 100-kHz in-
tervals. If you have a dial with 1-kHz ac-
curacy, such as the Collins S-Line or Heath 
SB-300, an output of 10 or 5 kHz is useful. 
You can build this calibrator for about one 

fig. 1. 100-kHz crystal osc i l la -

tor c ircuit using a Fa i rch i ld 

jxL914 dual-gate integrated"cir-

cuit. Grounded pins t and 5 

lead to unused inputs. 

10k wv 

ie 
.001 

dollar above the cost of the integrated cir-
cuits. Frequency division will be limited 
only by the number (within reason) of JK 
flip-flops you're willing to include. 

analysis 
Switchable heater current appears at 

the cathode pin of the socket in equipment 
such as the Swan 500, Heath SB-300, and 
Collins 75S-3. In the Swan 500, you'll need 
a larger filter resistor for the plug-in cali-
brator because of the 12-volt heater sup-
ply. If you're using a Heath SB-300 or Col-
lins 75S-3, you must place a jumper across 
the respective cathode resistors (R17 in the 

SB-300 and R45 in the 75S-3) to make use 
of the switch in that line. This power can 
be rectified and filtered. With low-current 
drain IC's such as the Fairchild 9093 JK 
flip-flop, a half-wave rectifier is sufficient; 
with more drain, a bridge circuit is ad-
visable. Blocking capacitors will be needed 
in the rf ground-return and output leads to 
isolate the new power supply negative and 
the former tube's plate supply. 

the circuit 
A simple crystal oscillator using two IC 

gates as the transistors in a multivibrator 
circuit requires only two 10k resistors and 
one 0.001 mF capacitor. It will operate from 
100 kHz to 1 MHz with no change. The 
dual-gate Fairchild /iL914 performed well 
in the oscillator circuit1'2 of fig. 1, as did 
the Motorola MC-724P quad gate. The lat-
ter is shown in fig. 2. The unused gate in-
puts are grounded to cut off unnecessary 
collector current. However, they can be 
used for isolation amplifiers, R-S flip-flops 
and other circuits. The cost is around $1.08. 

Oscillator output is capable of driving 
a JK flip-flop as a frequency divider with-
out any intervening circuit. A single flip-
fiop will divide by two; a dual in-line plas-
tic Motorola MC-790P provides division by 
four at a cost of only $2.00. Two of these 
can provide decade division with an out-
put every 10 kHz from a 100-kHz calibra-
tor crystal. 

Many other types that draw less current 
are available, but this is of little advantage 
except in power supply filtering require-
ments.* The 5-volt Motorola MC-838P 
decade divider will produce 50-kHz and 
10-kHz harmonics while drawing less cur-
rent than the 3.6-volt MC-790P. It can be 
"blocked" into putting out 25 kHz incre-
ments instead of decades if desired.3 

• W 0 K P Z has pointed out (QST, February, 1968, p. 55) 

that the Motorola MC-778P has less than one-quarter 

the current requirement of the MC-790P. The M C -

778P is in the mil l iwatt MRTL series, costs only 35c 

more, is a type-D fl ip-flop, has lower but adequate 

output and doesn't require as rapid an input-pulse 

fall time as the MC-790P to make it toggle. Unless the 

power supply is filtered adequately, the MC-790P may 

count power-supply ripple, causing a rough note or 

incorrect frequency division. Editor 
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construction 
I used Vector board with alternate 0.1-

inch hole spacing. I drilled a few addi-
tional holes to accept the fourteen pins of 
the dual in-line IC's. Two other types of 
Vector board that accept the IC's without 
any drilling are now available. A piece 
about 2V2 x 3V2 inches fits nicely into the 
S-line receiver. It is slotted in one corner to 
bridge across the stub of the Vector 7-pin 

The crystal wasn't furnished with a trim-
ming network of zero and negative tem-
perature coefficient capacitors. This circuit 
is possible here and is advisable. A JFD 
VC28C piston trimmer was used, providing 
multiturn adjustment. A larger trimmer 
could have been used. 

The 0.001-MF capacitor (0.1 also worked) 
and '/2-watt, 10k resistors complete the 
mounting. I used Belden 8430 phono 

fig, 3. System using 
two gates and two JK 
flip-flops to provide 
25-kHz marker* with a 
100-kHi Input. 
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tube-base plug. The leads are wired to 
seven convenient pins, not only to provide 
connections, but also to attach the plug 
securely to the board. 

With a half-wave rectifier, using a 50-
volt "glass amp" diode and two small Jap-
anese 100-fiF, 10-volt capacitors from Poly 
Paks, a filtering and dropping resistor of 82 
ohms is required for two IC's using a 6.3-
volt supply. This will vary with IC types and 
the voltage source, so a larger resistor 
should be tried first to be safe. 

pickup-arm cable, separated into single 
strands, for wiring the IC's. 

testing 
Oscillation can be detected with a vac-

uum-tube voltmeter, even without an rf 
probe. Dc will be on the various leads, 
averaging about half the supply voltage. 
Care must be taken that there are no short 
circuits between IC leads, that alt connec-
tions are conducting, and that all are in 
their correct places. Most crystals will os-

fig. 2. 100-kHz crystal oscillator circuit using a Motorla MC724P quad gate IC. 

100 kHi 30pF 
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fig. 4. Complete circuit of a simple frequency calibrator that may be plugged into an existing calibrator tocket 
in your receiver. Power supply is derived from the 6.3 Vac filament supply. 

cillate in the circuit, but a few take off at 
a harmonic. A capacitor between 50 and 
200 pF across resistor R2, which is in series 
with the 0.001 ^F capacitor, is said to cor-
rect this.1 

Both VK3TE and ! found the 100-kHz 
points from an MC-790P divider to be 
weaker than intervening points. No correc-
tion is offered as yet for this, except to use 
the Fairchild 9093. 

operation 
When the power switch is turned to 

"calibrate," the ground return to the 6.3 
volts is applied to the new calibrator 
board, which replaces the calibrator os-
cillator tube. The output passes through the 
original small antenna-coupling capacitor 
or "gimmick" to the receiving antenna. The 
new pips appear on the dial at the ap-
pointed places. With 10-kHz output, these 
are adequate to calibrate the intervening 
nine 1-kHz points by interpolation. If an-
other flip-flop is added to produce 5-kHz 
harmonics, all incentive band edges are 
marked if the crystal is set properly—and 
recently—on WWV. After November 1969, 
25-kHz output alone will mark all incen-

tive band edges because the 14,235-kHz 
limit will not be in effect. 

references 
1. R & R Electronics reprint accompanying their 
jii.914 printed-circuit crystal-oscillator kit. 
2 "Build an IC Crystal Calibrator," Radio-Electronics, 
February, 1968, p. 32. 
3. E. H. Conklin, "Calibrators and Counters," ham 
• adio, November, 1968. 
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"A slug-tuned coil and a si Ivor-mica capacitor 
please . . - and would yuh tune them for 50.42 MHz?" 
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the real meaning of 

noise figure 

The availability of excellent solid-state de-
vices makes it possible for just about any 
serious vhf or uhf experimenter to build a 
receiver with a noise figure that was un-
heard of only a few years ago. Today's 
transistors, even in the 400- and 1200-MHz 
region, are competing with uncooled para-
metric amplifiers. 

Although necessary, a low noise figure 
in the receiver front end doesn't necessarily 
guarantee optimum performance of a re-
ceiving system. The receiver is only one 
element of the total receiving system. The 
performance of the antenna and transmis-
sion line can have, in the presence of a 
low noise receiver, just as important an 
influence on over-all receiving performance 
as the receiver itself. The receiver noise 
figure is a measure of the receiver's per-
formance only. The true measure of the 
system's ability to detect a signal entering 
the antenna is the system noise figure (as-
suming constant pre- and postdetection 
bandwidths). 

There was a time when, due to a poor 
receiver, the system noise figure was often 
nearly the same as that of the receiver. As 
noise figures moved lower, the practice of 
using the noise figure as a measure of per-
formance became cumbersome. The use of 
noise temperature is now more meaning-
ful and convenient. Of course, noise figure 
and noise temperature are related, since 
they both purport to measure the same 
thing. In reality, however, the noise temper-
ature is the more basic unit and is ac-

tually easier to deal with, both in under-
standing concepts and making practical 
calculations. 

I've used some mathematics to explain 
relationships and fundamental concepts. 
The math is quite straightforward, but it's 
easy to get sidetracked when there are 
several terms with nearly the same defini-
tions. The list of symbols and definitions in 
table 1 should help you to find your way 
through the mathematical expressions. 

K thermal noise 
CM 
£l To establish a common basis for the djs-rn 
01 cussion, it seems appropriate to begin with fS 
'E the meaning of the terms noise tempera-
^ ture and noise figure. Noise figures are ac-
( j tually defined in terms of noise tempera-

c - ture; consequently noise temperature needs 
5 to be explained first, but not without pro-
£ viding some background, 
c Any substance that is warm (and by 
n. "warm" I mean above absolute zero) con-c 
^ tains some electrons that are free to move 
^ about in that substance. The amount of 

energy contained by these electrons in-
jg creases as the temperature increases, and 
$ an increase in energy means an increase 
q in the average speeds of the free electrons. 
5 However, moving electrons constitute an 
o 
X electric current. Since we can, in general, 
^ assign a resistance to a particular piece 
c of that substance, there should be a volt-

age developed across the substance due 
g to these thermal electron currents since 

V = I R . 

26 g j j march 1969 



The direction and speed of any given 
electron is random and fluctuates wildly 
as the electron moves through the sub-
stance and collides with the relatively im-
mobile atoms (ions) that make up the bulk 
of the substance. The final effect is that, in 
most substances, there is no net current in 
any direction on a long-term average, but 
rather a series of random positive and 
negative pulses. In other words, the volt-
ages developed by these currents constitute 
thermal agitation noise. 

Since the currents increase with tempera-
ture, the noise power likewise increases 
with temperature. Further, as the pulses are 
random, they are spread out over a very 
broad range of frequencies. It develops 
that, if we look at the power contained in 
a given passband, the value of that power 
is independent of the actual center fre-
quency of the passband. Specifically, Ny-
quist's formula states: 

p = kTB 

NOISE FIGURE (dB) 

fig. 1. Noise temperature vs noise figure. 

table 1. Symbol* used in the discussion end mathe-
matical description of noise. 

B bandwidth 

F noise figure 

f noise factor 

G stage gain 

I thermal current 

L transmission line loss factor 

P thermal noise power 

R resistance 

T absolute temperature ( °K) 

T , antenna noise temperature 
A 

T total transmission line noise temperature ij 

T^ transmission line noise temperature 

T p transmission line physical temperature 

T R receiver basic noise temperature 

receiver noise temperature modified by TL 

T system noise temperature S 
V voltage (product of IR) 

where k is Boltzmann's constant, T is the 
absolute temperature (degrees Kelvin), and 
B is the bandwidth (Hz). Note that the 
power is directly proportional to tempera-
ture, and at 0° K there is no noise. 

These facts about thermal agitation en-
ter into the discussion of system perfor-
mance from two aspects. One is that this 
mechanism can be a source of unwanted 
noise and the other, which will now be 
considered, is that this effect can be used 
to provide a convenient standard noise 
source for measuring receiver or system 
performance. It is in this latter connection 
that the concept of noise temperature has 
evolved. 

noise temperature 
Suppose you have a receiver front end 

that needs to be evaluated. Further, sup-
pose that its input impedance is 50 ohms. 
One way to measure performance would 
be, in principle at least, to terminate the 
receiver's input with a warm 50-ohm load, 
attempt to detect the load's thermal agita-
tion noise, and compare it with the noise 
generated by the front end itself. 

To be even more specific, suppose we 
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could reduce the resistor's temperature to 
absolute zero and note the noise level on 
a perfectly linear S meter. This noise level 
would be due entirely to the receiver, be-
cause there is no thermal noise in the re-
sistor at absolute zero. Now suppose we in-
crease the resistor's temperature until the 
S meter shows a 3-dB increase. That is, un-
til the resistor thermal agitation noise is 
equal to that generated by the receiver. 
We've obviously measured the noise gen-
erated in the receiver, but what is it? 

We could determine the power in watts 

sistor noise and the receiver front-end noise 
are both random and relatively broad-
band. In reality the noise the receiver gen-
erates may or may not be caused by ther-
mal effects, but we can always compare the 
amount of noise per unit bandwidth with 
that which would be produced by a resistor 
of some certain temperature. 

One example of the convenience of us-
ing noise temperature as a performance 
measure is that it is directly proportional 
to noise power. Hence if, for instance, you 
were to halve the noise temperature of a 

fig. 2. Curve of factor I. vs 
feedlina lots. 

3 4 S 6 r 

FEEDUNE LOSS (dB) 

from Nyquist's formula, if we knew the ex-
act bandwidth of the receiver, since we al-
ready know the resistor's temperature. But 
a number that depends on the receiver's 
bandwidth would be somewhat cumber-
some for comparing two different receivers. 
On the other hand, a very convenient and 
accessible number would be the resistor 
temperature. For example, if heating the 
resistor to 400° K would produce the same 
as that generated by the receiver, we could 
say that the receiver noise temperature 
was 400° K. This number is independent of 
the receiver bandwidth, and we can use it 
to compare receivers of different band-
widths. 

it should be noted parenthetically that 
this number is meaningful, because the re-

system, you would double the signal-to-
noise ratio of any signal present. The same 
can't be said for noise figure. 

noise figure 
Before we can define noise figure we 

must take one intermediate step. Suppose 
we define a noise factor 

T 

where T is the noise temperature, and the 
290 represents the value of room tempera-
ture in Kelvin units. The noise factor is a 
number that varies from 1 to infinity as T 
varies from zero to infinity. 
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Now we can define the noise figure as 
the noise factor expressed in decibels; that 
ts 

F = 10 log10f 

Note that when T = 290° K, room tempera-
ture, f = 2, and the noise figure, F = 3 dB. 
In other words, both f and F are ways of 
comparing T and 290° K. Note also that 
the noise figure is in a sense two genera-
tions removed from our original unit, noise 
temperature. A little scratch paper calcula-
tion will show that 

T = (f-1) 290 

Unlike T, the percentage change in f neces-
sary to produce a given improvement in 
signal-to-noise ratio depends on the orig-
inal value of f. This effect is particularly 
noticeable when f is small, which is pre-
cisely the region we wish to consider. Con-
sequently, such calculations, while not too 
difficult, are not instantaneous. Hence the 
significance of f and F is more obscure 
than that of T. 

The foregoing has, I hope, established 
the relationship between T and F and pro-
vided some initial insight into the reasons 
for dispensing with noise figure in favor of 
noise temperature in what follows. 

receiving systems 
Earlier it was suggested that the over-all 

performance of a receiving system depends 
not only on the receiver but also on the 
transmission line and antenna. Each of 
these elements makes a contribution to the 
system noise temperature, and this contri-
bution is directly additive (another conve-
nience of noise temperature over noise fig-
ure). It should be emphasized that the in-
tent is to find a system noise temperature. 
In this context, when considering the an-
tenna, we are only interested in the an-
tenna's noise performance and not its 
gain. 

A great deal has been written about the 
sources of noise in various rf amplifiers. 
It's therefore unnecessary to spend much 
time on this aspect of the subject, except to 

note that, in vacuum tubes and transis-
tors, the actual source of most of the in-
herent noise is usually nonthermal in ori-
gin. However, in parametric amplifiers, the 
primary noise source is thermal, and cool-
ing the paramp will actually improve its 
noise temperature. Usually the noise tem-
perature of a paramp is quite a bit lower 
than its physical temperature due to the 
slightly strange way that thermal noise de-
velops across a negative resistance. But it 
is related to physical temperature, and 
hence cooling helps. On the other hand, 
cooling transistors and tubes will turn 
them off. 

Of course, the noise temperature of any 
good receiver is determined principally by 
that of the first preamp and almost entire-
ly by the combined effect of the first two 
preamps. This can be seen from the gen-
eral formula for receiver noise tempera-
ture. 

T, + + 
G x G 2 

+ • 
G 1 C 2 C 3 

The subscripts refer to amplifier stage num-
ber, and G is the stage gain expressed as a 
power ratio rather than in decibels. Since 
all the stage noise figures are usually 
within the same order of magnitude, the 
growing gain product in the denominators 
makes any contribution to the noise tem-
perature beyond the second stage very 
small, and the series can be truncated af-
ter the second term. 

transmission lines 
The transmission line's contribution 

comes from two effects produced by a com-
mon source: line losses. 

The first of these two effects is the more 
obvious. When a signal travels down a 
lossy line, the signal is attenuated. This re-
duces the signal-to-noise ratio, which is 
equivalent to directly increasing the noise 
temperature of the receiver. This increase 
can be expressed by introducing a loss fac-
tor, L, which varies from one to infinity and 
is the ratio of power in to power out for 
the transmission line. The combined effect 
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of receiver noise temperature and this as-
pect of the line loss is 

T r = LT r 

where TH is the basic noise temperature of 
the receiver. 

The second effect arises from our fa-
miliar physical temperature considerations. 
The fact that losses exist implies that there 
is a true resistive impedance associated 
with the line. (Note this is distinct from the 

transmission line contribution to system 
noise is the first effect. However, when re-
ceiver noise is very low the second, or ther-
mal, effect predominates. Though very few 
amateurs will encounter such problems, 
this is commonly the situation with maser 
amplifiers, and in such cases cooling the 
transmission line, while often impractical, 
would improve performance. 

The first transmission line formula com-
bines the line effect with the receiver noise 

fig. 3. Minimum ex-
pected antenna tem-
perature as a function 
of frequency.* 

10000 

30 10 90 60 80 100 200 300 <00 3OO TOO 1000 £000 3000 
FREQUENCY (MHz) 

characteristic impedance, which is some-
thing else entirely.) Since the line is warm, 
it actually generates noise due to thermal 
agitation. Hence, the noise temperature is 
related to the loss factor, L, and the 
physical temperature of the line, Tp. Spe-
cifically, 

JL = (L-1) Tp 

Note that when line losses are low, but 
receiver noise temperatures are on the or-
der of room temperature, the predominant 

• J. D. Kraus, H. C. Ko, "Celestial Radio Radiation," 
Ohio State University Radio Observatory Report 7, 
May, 1967; Dicke et al, "Cosmic Black-Body Radia-
t ion, AsCrophysical Journal, volume 142, 1965, pp. 
414-419. 

temperature, but it's often more conve-
nient to combine the two line effects and 
state the receiver contribution separately. 
Defining T L as the total transmission line 
noise temperature we can write 

T l = (Tp -h T r ) (L-1) 

This is, again, only the transmission line 
contribution, although it does involve re-
ceiver temperature as a parameter. 

antennas 
Of all the contributions to system noise, 

antenna temperature is probably the most 
misunderstood and also the hardest to pin 
down. First of all, assuming the antenna 
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to be constructed of good conducting ma-
terials, the antenna noise temperature has 
practically nothing to do with the physical 
temperature of the antenna. The antenna 
noise temperature is, rather, a measure of 
the noise the antenna is actually receiving 
(as compared to a warm resistor on the 
end of the transmission line instead of the 
antenna). The amount of noise an anten-
na picks up is often, but not always, re-
lated to the temperature of the objects the 
antenna "sees" at uhf, but at vhf the op-
posite is generally true. 

If we consider the uhf case, an antenna 
on an earthbound circuit sees a large 
amount of warm earth, and the antenna 
temperature will be in the neighborhood of 
100° to 300° K. This is because the free 
electrons moving in the warm earth radi-
ate electromagnetic energy in proportion 
to their temperature. 

There is little that can be done to im-
prove the situation of an earthbound cir-
cuit, but an antenna that looks at the sky, 
such as a moonbounce antenna, would 
have a much lower noise temperature 
since the sky is much "colder" than the 
earth. 

The effect of the earth is still present, 
however, since any srdelobe that sees the 
earth wif! pick up thermal noise. This ef-
fect can be quite serious, and sidelobes are 
of major concern in many deep-space 
communications and radio astronomy sys-
tems. Careful attention to antenna design 
with respect to sidelobes can result in an-
tenna temperatures significantly under 50° 
K, while poor design can result in much 
higher values (approaching 300° K as a 
limit). This effect is indicated in fig. 3. 

system noise temperature 
The final measure of the amount of 

noise power per unit bandwidth that an 
incoming signal must compete with is given 
by the system noise temperature. This is 
just the sum of the receiver, transmission 
line and antenna noise temperatures, 

Tg = T A + T L + T R 

T S = T A + ( T p + TR)(L-1) + T R 

examples 
Having presented this array of formulas, 

it might be useful to demonstrate them 
with a few typical examples. 

You occasionally hear a heated discus-
sion on the air about whether or not a 
super low-noise front end is really any bet-
ter than a mediocre front end on six me-
ters. The crux of such a discussion should 
center on the influence of sky- and man-
made antenna noise on the system noise 
temperature. Let's join the fray and con-
sider the question. 

Antenna temperatures at six meters are 
quite high. A typical value for T A would be 
3,000° K. The next aspect to consider would 
be the feedline. In the case of an 80-foot 
tower, which might have a 90-foot run of 
RC8/U, the feedline loss, from published 
data, is about one decibel. From fig. 2 we 
see that L is equal to 1.26. Then 

T l = (290 + T b ) (0.26) 

Now, to find the system noise tempera-
ture all we need do is to try a couple of 
values for T R . Suppose a receiver with a 
good front end has a 1-dB noise figure and 
a mediocre one, 4 dB. Referring to fig. 3, 
then, using the system temperature formula, 
the good receiver provides 

T s = 3000 + [(290 + 76) (0.26)] + 76 

T s = 3171° K 

On the other hand, the mediocre one pro-
vides 

T s = 3000 + [(290 + 438) (0.26)] + 438 

T s = 3627° K 

It was obvious from the beginning that 
the good front end was superior to the 
mediocre one, but in terms of the over-all 
system performance, there is less than a 
0.6-dB signal-to-noise ratio advantage. 
The argument will, of course, rage on; but 
at least now it must be over the relative 
advantage of a 0.6-dB signal-to-noise ra-
tio improvement. 
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Let's now shift our attention to a pair of 
432-MHz examples. First we'll consider an 
example paralleling the one above. On 
432 MHz, we might find an antenna tem-
perature of 300° K. In this example we'll 
again assume the feedline loss at one 
decibel. Now consider the difference be-
tween a 2-dB paramp or transistor front 
end and a 6-dB 416B amplifier. In the 
former case 

T s = 300 + [(290 + 168) (0.26)] + 168 

T s = 587° K 

In the latter case, 

T S = 3 0 0 + [(290 + 870) (0.26)] + 8 7 0 

T G = 1 4 7 2 ° K 

Hence the better preamp would make a 
4-dB improvement in system noise. The fact 
that 4 dB is also the difference in the pre-
amps noise figures is purely coincidental. 
To illustrate that this is so, let's take an-
other quick example of the same sort. Con-
sider a radio telescope with a T A of 20° K 
and a feedline loss of 0.1 dB. Now if we 
use a maser with T B = 3° K, then, 

T G = 31 ,8 ° K 

The same system but with a 3-dB front end 
has 

Tg = 327.5° K 

Here a 3-dB receiver noise figure improve-
ment has led to more than 10 dB of sys-
tem improvement. 

In the second 432 MHz example, we'll ex-
amine the influence of the feedline. Assume 
T a = 300° K and T R = 168° K (2 dB). We've 
previously shown that when the line loss is 
one decibel 

T g = 587° K 

But suppose we increase the line loss to 4 
dB. Then L = 2.55, TTJ = 710° K and 

T a = 1178° K 

The system degradation is, in this case, 
3.1 dB, not 3.0 dB. Further, notice that 
the feedline noise contribution here ap-
proaches twice that from all other sources 
combined. 

summary 
Of course the foregoing examples are 

just that: examples. But I hope they have 
illustrated some of the important aspects 
of the problem of receiving system perfor-
mance. 

Perhaps it would be well to underscore 
in a qualitative way some of these points. 
For a given receiver passband and an-
tenna gain they might be stated as follows. 

1. Receiver performance is ultimately lim-
ited by the signal-to-noise ratio present at 
the receiver end of the transmission line. 
(This was obviously the case in the six-me-
ter example.) 

2. Assuming the antenna noise tempera-
ture is minimized or can't be controlled, 
the transmission line is a significant 
factor in establishing this signal-to-noise 
ratio. 

3. Once the signal-to-noise ratio at the re-
ceiver input has been maximized, then the 
noise temperature of the receiver itself can 
be minimized to produce the least degra-
dation in the input signal-to-noise ratio. 
The extent to which this is practical de-
pends largely on actual improvement se-
cured, as contrasted by the six-meter ex-
ample and the maser example. 

Finally, it should be clarified that this 
entire discussion has hinged on noise per-
formance. Obviously, increasing antenna 
gain will also improve performance. Unless 
the antenna is looking at a noise source of 
limited size, such as the sun or a bad pow-
er-line transformer, the antenna noise tem-
perature is, in general, independent of the 
gain. Therefore we could add as a fourth 
point: put up the biggest, grandest, best an-
tenna you can. 

ham radio 
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There is little question of the desirability of 
a monitor oscilloscope in today's ham 
shack. The problem with many of us is the 
availability of the funds necessary to pur-
chase one. The oscilloscope presented here 
will display both envelope and trapezoidal 
waveforms when used with a transmitter of 
ID watts or more. It uses a very linear in-
ternal sweep circuit with variable sweep 
rates from 30 Hz to 300 Hz, or it can be 
switched for external horizontal input sig-
nals with a full-scale sensitivity of about 
0.5 volt rms. The scope also includes a 
blanking circuit that blanks the trace when 
no rf is present. If you have a well-stocked 
junk box, you can construct this scope for 
just a few dollars. If not, you can still 
build it for under $30*. 

the circuit 
The monitorscope is built around a 902A 

cathode ray tube available from many 
surplus dealers. The 902A is ideal for this 
application for several reasons. First, it is 
available for less than S3 in many areas 
of the country. Second, it has an acceler-
ating voltage of 400-600 volts, easily ob-
tained with low-cost components. Third, 
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the deflection sensitivity is approximately 
100 volts per inch, allowing the use of 
transistorized deflection amplifiers. Fourth, 
the tube is small—2 inches in diameter, 7 
inches long—and uses an octal socket. 

The power supply is a voltage tripler us-
ing silicon diodes and a low-voltage pow-
er transformer. It produces 175 volts dc for 
the horizontal deflection amplifier and as-
sociated circuits and 525 volts dc accel-
erating voltage. 

The horizontal amplifier consists of a 
source follower junction FET input stage for 
high impedance input and a voltage am-
plifier using a low-cost, high-voltage silicon 
transistor. The input impedance of the FET 
stage is 500k ohms, and the voltage gain 
of the amplifier is approximately 100. The 
undistorted output is over 150 volts peak-
to-peak and gives more than adequate 
sweep width. Maximum sweep width is 
about 114 inches with the horizontal am-
plifier supply voltage of 175 volts. 

For normal waveform monitoring this is 
sufficient, but if desired, it may be increased 
to full scale by using a voltage doubler 
power supply producing approximately 550 
and 275 volts dc. A higher-voltage hori-
zontal output transistor, such as the RCA 
40264, would also be necessary. 

Internal layout of the monitorscope. The 
horizontal sweep circuit board is in the 
foreground. The power transformer is 
mounted on the rear wall. 

The internal sawtooth generator is ba-
sically a unijunction transistor relaxation 
oscillator. The sawtooth voltage across the 
timing capacitor is linearized by a con-
stant-current source (transistor Q1 on the 
schematic) charging the capacitor. From 
the equation: 

Where: E = voltage across the capacitor 
I = charging current 
C = capacitance 
T = time 

It can be seen that if the charging current 
and Ihe capacitance are held constant, 
the voltage across the capacitor is direct-
ly related to lime. This approach works 
very nicely in practice, as well as in the-
ory, and yields a very linear sawtooth 
voltage. 

The current, while held constant for any 
given sweep frequency, is made adjustable 
to set the sweep frequency. The supply volt-
age for the sawtooth generator is regu-
lated at 11 volts by reverse biasing the 
emitter-base junction of a Fairchild 2N5135 
silicon transistor. This "diode" costs $.25 
compared with over $1.00 for a typical 
zener of the same rating. 

At this point it might be worth mention-
ing that many of the low-cost, general-pur-
pose silicon transistors can be used as 
zener diodes by reverse biasing their emit-
ter-base junction. To tabulate a few: 

2N5135 
MPS3704 
MPS706 
2N5138 
2N5134 

- 11 volts 
- 9 volts 
- 8 volts 
- 7 volts 
- 6 volts 

The zener voltages listed were measured 
on twenty or thirty devices and represent 
an average. 

• The semiconductor package Is available from the 
author for $6.00 plus tax and shipping. The total 
package is also available, including Minibox, CRT, 
transformer, semiconductors, passive components, line 
cord, and all hardware, switches, and knobs. Pricc: 
$28.75 plus tax and shipping. 
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The blanker circuit is composed of a 
transistor switch, Q5, connected in series 
with the intensity control and the cathode 
of the CRT. A diode rectifier circuit sup-
plies base current to the switching tran-
sistor when rf is present at the input ter-
minals, allowing cathode current to flow 
and making the trace appear. However, 
with no rf present, the transistor is cut off, 
and the trace is blanked. This feature pre-
vents "burning" the CRT and adds to its 
useful life. For special applications the 
blanking circuit can be bypassed by clos-
ing switch S2. 

The vertical plates of the CRT are capaci-
tively coupled to the input jack through the 
level-control potentiometer. This type of con-
nection requires no tuned circuits and simpli-
fies operation of the scope. This input circuit 
works well with coax feedline, but balanced 

feedlines will require either a tuned circuit 
transformer or a pick-up loop placed near the 
transmitter tank circuit or the antenna tuner. 
In any case, the scope requires about 50 
volts peak to peak for usable deflection. 

construction 
The monitorscope is mounted in a 10 x 6 

x 3'/2-inch Minibox. A combination of cir-
cuit board and point-to-point wiring was 
used. While the layout and wiring are not 
critical there are several precautions that 
should be taken. Since no CRT shield was 
used, in the interest of low cost, any mag-
netic fields present in the circuit should be 
as far away from the CRT as possible. The 
primary source of such fields, the power 
transformer, is located behind and as far 
to the side of the CRT as the chassis will 
allow. The leads carrying ac power to the 
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front panel switch were shielded as a fur-
ther precaution. 

Mounting the CRT posed the biggest 
problem. After several unsuccessful at-
tempts, I finally decided to use a soft foam 
plastic drinking cup, now almost universal-
ly available. First, cut a 2-3/16-inch-diam-
eter hole in the front panel of the enclo-
sure. At this point I would recommend us-
ing a pair of tin snips or a nibbling tool 
and then finishing with a file. Fly cutters 
and hole saws do a nice job, but they can 
be quite dangerous when the work piece is 
not adequately held down. 

When the hole is finished, cut the bot-
tom out of the plastic cup, insert the CRT 
base first through the bottom of the rup, 
and then insert this assembly through the 
front panel and pull it up snugly. The base 
of the CRT is supported by its octal socket 
mounted on an L-shaped bracket. Do not 
permanently mount the CRT socket until 
the scope has been tested and the tube 
rotated to make the trace horizontal; pin 
1 of the CRT should be positioned near the 
top for preliminary alignment. 

The excess foam cup extending through 
the front panel can be trimmed with a 
razor blade or sharp knife, leaving enough 
material to act as a bezel. A piece of plas-
tic tape should be wrapped around the cup 
where it contacts the front panel. 

Because they are seldom adjusted once 
set, the focus and intensity controls are 
mounted on the rear of the enclosure. Also, 
the blanker bypass switch S2 is mounted 
on the rear of the enclosure, because it is 
only used for special applications. 

The leads carrying rf are kept as short 
as possible lo the extent that the input-
level potentiometer is mounted on the 
bracket that holds the CRT socket. A shaft 
extension is used to bring the control to the 
front panel. The blanking circuit is wired 
on a terminal strip and is mounted direct-
ly behind the level control. 

Power supply components are wired to a 
terminal strip, which is mounted to the 
rear wall of the enclosure. The horizontal 
amplifier and sawtooth generator are built 
on a 2 x 2-inch piece of G-10 epoxy glass 
Vector board with holes spaced on 1/10-

inch centers. The components are mounted 
on one side of the board with their leads 
extending through to the other side. The 
leads are bent over and soldered to the 
leads of the other components to which 
they attach. Short pieces of bare wire are 
used for supply leads and grounds. This is 
a very quick and easy way to build 
"printed" circuits without the fuss and mess 
of screens, resistors, etchants, drills, etc. 
Standard precautions should be taken with 
the semi-conductor devices. 

When complete, the circuit board is 
mounted on '/Hnch spacers using number-
4 hardware in the area behind the hori-
zontal-level control and beside the CRT. 
Lead dress to the board is not critical, but 
shielded wire is recommended for the FET 
input circuit. 

testing, adjustment and use 
After completing the construction and 

double checking your work, apply power to 
the scope and check the three supply volt-
ages (11 volts dc, 175 volts dc, 525 volts 
dc). If they are within reason, close S2 and 
advance the intensity control until the 
trace becomes visible. At that point, adjust 
the focus control for the sharpest possible 
line or dot. Switch to internal sweep, and 
advance the internal level control to the 
point where the trace no longer lengthens 
or where the trace is approximately V/-> 

fig. 2. Circuit-board layout for tha horizontal am-
plifier. 
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inches long. For best performance the 2.7-
megohm bias resistor for the 40354 (Q4) 
should be adjusted so that the collector 
voltage is one-half the supply voltage (87 
volts in my case). Rotate the CRT slightly to 
bring the trace horizontal. You may want 
to mark the mounting bracket and perma-
nently mount the CRT socket at this point. 

The monitorscope is now ready for use. 
Connect a piece of coax between the scope 
and the transmitter and connect the an-
tenna to the scope. For envelope patterns 
use the internal sawtooth sweep, adjust the 
input-level control for on-scale displays, 
and adjust the sweep control for low sweep 
frequency. Open S2, and the trace will only 
appear when transmitting. 

For trapezoidal or "bow-tie" patterns, 
connect the horizontal input to a point in 
your transmitter that has 0.5 to 2 volts of 
audio, and switch the scope to external 
horizontal input. With maximum audio 
applied to the transmitter, adjust the hori-
zontal level to slightly less than with the 
internal sweep. Trapezoidal patterns are 
quite useful for monitoring the modulation 
percentage of a-m transmitters. "Bow-tie" 
patterns are obtained from double side-
band, suppressed-carrier transmitters and 
are useful for checking amplifier linearity. 

Single sideband transmitters, however, 
will require the use of the envelope pat-
tern. Checking the performance of an ssb 
transmitter generally requires the use of a 
two-tone audio generator, which could be 
built into the monitorscope if desired. For 
waveform analysis and other information, 
consult the Radio Amateurs Handbook, the 
Radio Handbook, or Radio Communications 
Handbook. 

When this scope is used with transmit-
ters of 400 watts output or more, insert a 
10k ohm 2-watt composition resistor be-
tween the input jack and the level control 
(the point marked X in the schematic). Al-
so, for use with high-power rigs, SO-239 or 
similar types of rf connectors should be 
used in place of the phono jacks. There are 
actually several ways to connect rf to the 
monitorscope. Fig. 1 shows the method just 
described, which is the way it's used at my 
station. 

Some transmitters, such as the Heath 
HX-10, have a monitor jack provided for 
connecting an oscilloscope or other de-
vices. Usually a small-value variable ca-
pacitor is connected to the transmitter rf 
output jack. 

As mentioned before, the CRT is un-
shielded, so use care in the placement of 
this scope when in use. If it's located too 
close to power transformers or rf fields, dis-
tortion of the trace will occur. If it's im-
practical or impossible to keep the scope 
out of such fields, I would recommend us-
ing a CRT shield such as Millen 80802-A*. 

One final note in regard to centering the 
trace. As you will notice, no centering con-

HOftIZ 1 VERT CENTER ICENTER 
, WV—W, • \ 
I 470k >300k 30D* 

fig. 3. Circuit modification for trace center-
ing. Resistor Rt is adjusted for approximately 
400 volts on pin 1 of the 902A; start with 
470k ohms. 

trols have been used on this scope, as the 
902A is fixed centered. While the trace is 
not perfectly centered, it is good enough for 
all but the most particular individuals. 
These controls were left off for simplicity 
and lower cost, but if you desire to move 
the trace around a bit, fig. 3 shows a few 
modifications that can be made. The re-
sistor marked with an asterisk should be 
chosen to develop about 400 volts accel-
erating potential (pin 1) at the CRT with 
the focus and intensity controls adjusted 
for use. Start with about 470k ohms and 
adjust accordingly. 

• A v a i l a b l e f r o m M i l l e n d i s t r i b u t o r s for $7.30. 
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seven-tenths-
wavelength 

ground plane 
for two meters 

The subject of gain antennas will often 
produce a varied response when taken un-
der discussion by amateurs. This is es-
pecially true in vhf mobile applications 
where the system uses a grounded vertical 
as the radiating element. 

The purpose of this article is to point out 
some of the basic characteristics of the 
ground plane, and to show how these 
properties were used to adapt an existing 
antenna to 147 MHz. 

characteristics 
Commercial mobile antennas designed 

for the frequency spectrum of 140-170 MHz 
have certain structural characteristics that 
distinguish them from their lower-band 
counterparts. At these higher frequencies, 
the heavy-duty spring mount base is not 
practical. Gain antennas within this range 
are generally limited to half-wave or five-
eighths-wave radiating elements that are 
base loaded to extend the electrical length 
to three-quarter wavelength. The matching 
network is sealed within a thin cylinder 
that forms the mounting base for the en-
tire antenna. 

The electrical properties of a grounded 
vertical are shown in fig. 1 and 2. The 
common quarter wave is widely accepted 
because the feed point is not reactive and 
presents an impedance of suitable value. 
The lobe pattern of a half-wave antenna 
provides some gain, but the element end 
presents a current null that can't be 
matched directly to common transmission 
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lines. A three-quarter-wavelength radiator 
is an idea! match for 50-ohm transmission 
line, but low-angle lobes are secondary. 
With more energy being directed toward 
the higher angles, direct-wave field 
strength, at zero elevation angle, is less 
than that of the quarter-wave antenna. 

Most vhf amateurs recognize the five-
eighths-wavelength antenna as the ulti-
mate in a single-element radiator, but 
many don't know the true gain of the de-
vice. This is sometimes brought about by 
misleading literature that uses the dipole 
or isotrope as the reference source. The top 
curve of fig. 2 is convenient for determining 
true zero elevation angle gain under ideal 
conditions (perfectly conducting ground). 

construction 
These facts presented an interesting 

challenge. I wanted to evaluate some 
Motorola equipment in the fm portion of 
the two-meter band. However, the only 
permanent antenna system on the car was 
a quarter-wave six-meter whip, using a 
232-Series Master Mobile tapered spring 
base. I couldn't see any way to utilize this 
system as a gain antenna in any conven-
tional manner. 

The only practical place to locate a 
matching network was at the coax termi-
nal point inside the trunk of the car. As 
stated before, the purpose of the loading 
network is to extend the electrical length of 
the system to three-quarter wavelength. 
This means that the junction point of the 
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(b) VERTICAL PLANE RADIATION PATTERNS 

fig. 1. Characteristic! of grounded vertical antennai. 

loading coil and the radiating element 
will exhibit a high impedance with a half-
wave radiator, and the impedance will de-

crease as the radiator length is extended. 

Seven-tenths wavelength appeared to be 

a good compromise. The zero elevation 

march 1969 [jJJ 41 



angle gain was better than that of a quar-
ter-wave whip, and the impedance at the 
junction point approached minimum. The 
over-all length of the antenna (including 
base) is 52-1/2 inches for 147 MHz. The 

ANTENNA HEIGHT (WanlttiQtht) 

fig. 2. Radiation resistance and field inten-
sity as functions o< antanna height. 

gain slope in this area is very steep (fig. 
2), and a difference of one or two inches 
will alter the characteristics considerably. 

Fig. 3 shows the electrical and mechan-
ical characteristics of the matching net-
work. The device is built on a three-inch 
length of aluminum angle, with holes 
spaced to accommodate two of the mount-
ing screws of the existing base. The coil is 
wound around a 14-inch form using num-
ber-14 bus wire. A teflon feedthrough, with 
a 6-32 screw, serves as the junction point 
for the coil tap and the antenna base 
coupling wire. This wire should be cut so 
the terminal lug center-to-center dimension 
is 1-3/4 inches. Typical solder lugs provide 
sturdy mechanical support of the coil at 
the tap point and ground end. 

Electrically, L t supplies the requirement of 
two coils. The 114 turn between the uhf 
connector and the antenna is the series 
loading inductance. The remaining portion 

provides the shunt impedance required to 
cancel approximately 72.5 ohms of capac-
itive reactance. 

Part of the capacitive component of this 
reactance is due to the mechanical struc-
ture of the Master mount and its relation-
ship to the automobile body, when proper-
ly installed. This small amount of Xc can 
be overlooked at the lower frequencies but 
must be compensated for at vhf. Some addi-
tional strays are introduced with the in-
stallation of the matching network, 

For a period of time, the development of 
the antenna overshadowed the original 
task of equipment evaluation. Practical 

fig. 3. Mechanical and electrical de-
tails of the antenna. LI is 4 turns no. 14 < r 
bus wire, 3/4" long, 1/2" diameter, 
tapped 2-3/4 turns from ground *fld 
(total inductance = 0.16 ^H). 

UHF 
CONNECTOR 

problems had to be discovered and cor-
rected by trial and error. A seven-tenths-
wavelength antenna is not conventional, 
but it does have useful applications. The 
purpose in pursuing the project was to 
prove that it could be done. 
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s a f e t y i n t h e 

ham shack 

Safety 

In the ham shack 

should be second nature 

to amateurs, 

but often it's not-

with 

catastrophic results 

Most of us don't think of it very often—in 
fact, not often enough—but safety precau-
tions in the ham shack are doggone im-
portant. One careless move, and your call 
letters may be up for grabs (to someone 
who has more respect for the right way to 
do things). If people visit your shack, an 
unexpected slip, stumble, or fall might be 
more than just annoying or painful; it 
might slide someone into the hospital or 
undertaker's, and you into a law-suit. 

Actually, there's nothing hard about 
safety precautions. Most are just good old 
common sense. Wire has insulation, pow-
er supplies have covers, transmitter cabi-
nets have interlocks, chassis have ground 
posts—all for a purpose: to keep the care-
less or untrained out of danger. Many of 
the simple safety devices on commercial 
equipment can be added to homebrew 
gear with very little trouble. A few cheap 
signs and a little thoughtful housekeeping 
around your shack will probably take care 
of most (wards. 

c ra 

the protection racket 
There are three classes of people you've 

got to think of: You, who spends more 
time in there than anyone; your family, 

T3 especially the ubiquitous kid brother (or 
" kid sister) who may sneak in while you're 
n not around, and casual visitors, like girls 
° (you remember, those high-pitched voices 

you sometimes hear on the air), or neigh-
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bors, or just family friends; all may be the 
inquisitive type who just can't resist touch-
ing "all those cute little things" on the 
bench. 

Certain standard precautions will keep 
the last two groups out of most trouble. 
Just keep all of the hot stuff safely boxed 
up in tight, well grounded metal cases. 
The only thing that could bite 'em then 
would be an open transmission line. Big, 
red-lettered signs labeling open voltages 
are a warning to anyone who can read, 
but—judging from the number of people 
who have gotten needless rf burns in one 
shack we know of—not everyone does. 
Complete insulated shieiding is the surest 
protector. 

Keeping all three classes of ham-shack 
inhabitants safe is your responsibility. 
Make a "safety inspection" of your own 
shack. Look for hazards you hadn't 
thought of, and clean 'em up. If you don't 
find at least a couple of things that need 
fixing, it'll be unusual. 

no horseplay 
Talking about visitors brings up a seri-

ous point: don't horse around with elec-

"And there's the class II Idiot" 

tricity! We all know the type of guy who 
hands other people charged electrolytic 
capacitors, or touches them with hot wires 
and that kind of stuff, just to see them 
jump. Guys who do this are idiots. It's not 
only painful, but can have sobering con-
sequences. If you give someone a playful 
jolt and he turns out to have a weak 
heart, you may find yourself trying to beat 
an involuntary manslaughter rap! 

And, there's the Class 11 Idiot. This is the 
guy who comes up behind you when you're 
working on a piece of gear with high volt-
ages exposed and yells "Boo!" or jabs you 
in the ribs. Only once did either of us ever 
tell anyone to leave the shack and never 
come back, and that was one of these 
numbskulls. Fortunately, the jolt he caused 
was merely painful, but it wasn't funny. 
Working on anything with exposed high 
voltages, you're naturally tensed up and 
ready to jump anyhow. If you aren't, you 
should be. 

It's no place for you to show off, either. 
You'd best keep a healthy respect for the 
voltages and rf fields that abound. Don't 
try to prove you're a big smart operator 
who knows just how to play around live 
transmitters without getting killed. You 
only get one chance to be wrong. 

During World War II, we knew a young 
smart-alec ham in the Signal Corps who 
knew "all about transmitters." He worked 
around high-power transmitters and wore 
a finger ring. We told him to take it off, 
but he wouldn't. One day he reached into 
a 1-kW transmitter to "make an adjust-
ment" with the soup still boiling. You know 
what happened when that ring got into 
the high-intensity rf field: the tank coil 
made an efficient rf heater. He came out a 
heck of a lot faster than he went in. He 
suddenly wanted that ring off. After the 
big blister had healed up, he did get it off 
and never put it back on. 

the shock treatment 
The danger of electric shock is the ham 

shack's worst hazard. Exactly what can 
cause shock is not as well understood as 
it should be. You gotta know what to 
watch out for if you plan to keep your 
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beam from being lowered to half-mast. 
This doesn't mean only novices, who 

might not know the different hazards. It 
also applies to the O M who's been lucky. 
He may have worked around the stuff so 
long without a jolt that he has gotten con-
temptuous. Don't! 

How much "electricity" does it take to 
put you off the air permanently? Not your 
rig, but you! 2,000 volts? 5,000 volts? 110 
volts? 

Pick up a #47 pilot lamp. It draws 150 
mA at full brilliance. Only one-tenth of 
that through your heart can kill you. Just 
15 lousy little milliamps! You couldn't even 
let the bulb light up to a dull red glow be-
fore you would become part of a "ground 
system" yourself (large conductive object, 
buried deep). 

Scare you? It should. It isn't voltage nec-
essarily that kills; it's the current the volt-
age can push through your body. Even the 
"lowly" 117 volts of ac house power can 
be astonishingly deadly, given an easy ac-
cess to your body (through wet hands, wet 
feet, damp cement floor, grounded water 
pipe or chassis, and so on). Not all shock 
deaths in ham shacks come from trans-
mitter high voltage. 

There's one thing a lot of hams forget. 
The ac line coming into your shack has 
two wires. The black one is hot, and the 
white one is grounded right outside the 
house, at the first utility pole, and at all 
the other poles—well grounded. The black 
wire, therefore, is always hot, with refer-
ence to any grounded object, and that in-
cludes you. You can light a 1,000-watt 
lamp from one wire (the hot one) merely 
by furnishing a ground for the other con-
tact of the lamp. 

In 220-volt systems, the black and white 
wires are both hot, and a green wire is the 
ground (called neutral or common). In 
three-wire "safety" cords on a lot of newer 
tools, appliances, and the like, the black 
wire is hot, the white wire ground, and the 
third (green) wire goes to the round pin of 
the A C plug—for a separate ground, usual-
ly to the metal case of the unit. However, 
don't put blind trust in color-coding! Even 
electricians make mistakes sometimes, and 

you might find wire-colors reversed. 
So, if you happen to be grounded, and 

touch a hot side of the ac line with one 
hand (even with the other one in your 
pocket, as the old saw goes), bang! Stand-
ing on a dry wooden floor, you might get 
away with it. On a cement floor, on bare 
ground, or with any part of you touching 
a grounded object, look out. 

The basement shack is dangerous be-
cause it usually has a cement floor. Even 
vinyl tiles or linoleum seldom help. Mois-
ture works up between the tiles. 

There are two things that will help. One: 
put down a thick rubber runner or mat on 
the floor near your gear. Use one-piece 
stuff, without cracks. Don't trust wood; it 
absorbs moisture. Two: wear shoes with 
rubber or plastic insulating soles. Caution: 
if the soles are of the sponge or foam 
type, and you've been walking through 
water, look out—you've lost your protec-
tion! 

High-energy rf voltages have the disconcerting 
ability to reach out end bum. 

A wooden-legged stool or chair is best 
for working or sitting. If you have a metal 
stool, put plastic cups on the ends of the 
legs. 

If you're working on ac-powered gear, 
the first thing to do is pull the line plug, 
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and lay it on the bench where you dan see 
it. Also, be sure you pulled the right plug. 
Many's the ham who has gotten the whop 
knocked out of him by pulling the wrong 
plug and then grabbing a wire in the 
wrong place! 

hard-hitting dc 
Hams seem to pay attention to the dan-

gers of high-voltage dc in their rigs. Right-
ly so. It can be a dangerous source of 
electrical energy. Voltages range upward 
from 300 volts in receivers, up to 1,500-2,000 
volts in transmitters. In well designed pow-
er supplies, shunting resistors across each 
electrolytic capacitor bleed off the voltage 
stored in the capacitors when power is 
turned off. They bleed it off if the resistors 
are good. You have no way of knowing, 
unless you check with a voltmeter. Don't 
put much faith in bleeders. A "shorting 
switch" may be provided to short high volt-
age to ground when the cabinet is opened. 

If these devices work, okay. But the han-
diest gadget you can have for working 
around lethal electrical energy is a sus-
picious mind! Before you poke your little 
pink, uninsulated finger in there, check for 
residual voltages! 

long-reaching rf bite 
High-energy rf voltages have the discon-

certing ability to reach out and burn you 
without your even contacting the circuits 
carrying them. Consequently, the inside of 
live transmitters, and the feed lines from 
them to the antenna, are places to keep 
your distance from. Coaxial cable is safest 
for the feed line, but it isn't feasible at 
some frequencies and with some kinds of 
transmitters. 

If you have a high-power rig with an 
open-wire antenna lead, you can put this 
line too high for anyone to reach. Or you 
can put a plastic cover over any exposed 
antenna wires, switches, etc. The antenna 
line itself can be ordinary automotive ig-
nition wire. The insulation on this handles 
up to 25,000 volts, which will safely con-
tain even a California kilowatt. It's even 
available with "pretty" bright-red plastic 
insulation, to dress up the shack. 

Under no circumstances use a metal 
screwdriver to make adjustments in high-
power rf circuits. This is a real shock-
hazard. Besides, metal screwdrivers detune 
rf circuits. Use insulated tuning tools or 
shaft extensions. 

protection from ufo's 
That pretty well takes care of you, if you 

use your head. Now, how about the rest of 
the world, especially Kid Brothers and 
such? KB's are good at sneaking in and 
turning the whole thing on to show visiting 

Kid brothers are good at sneaking in and turning 
the whole thing on to show visiting buddies. 

buddies. In fact, even a non-ham Pop isn't 
immune to that kind of temptation: "Look 
at this thing my kid builtl How about 
that? lemme show you how it worksl" 

There's one way to make sure the Un-
licensed Foolish Operator (UFO) can't get 
into trouble. Wire the rig to a separate ac 
power supply, and put a master switch on 
it. When this is turned off no power reaches 
the rig at all. 

This is easy to do, with heavy Romex 
wire and "surface" fittings. Use an en-
closed switchbox with fuses inside and a 
lever-operated double-pole switch to open 
both sides of the line. These switches have 

march 1969 g j 47 



provisions for a small padlock to be 

slipped over the lever. The thing will be 

safe unless Kid Brother finds the key. So, 

keep it with you. If there is a spare, give 

it to M o m for safe-keeping; she won't let 

KB or Pop have it! 

safety and showmanship 
Back when most ham gear was home-

brew (there weren't any kit companies), 

there was a lot of exposed wiring. Hay-

wire " lashups" were common—wires going 

everywhere. Nowadays, a little ingenuity 

can make the shack look as smooth as a 

broadcast station. This is not only much 

better looking, but a whole lot safer for 

everyone concerned. It keeps the hot cir-

cuits and wiring covered up. 

How? It's easy. Just put all the gadgets 

into boxes or behind panels. You can buy 

metal boxes in any size you can imagine. 

Power supplies, antenna couplers, pre-

amps, modulators, or anything else, can 

be built into these boxes. If you have some 

unit that can't stand the added capaci-

tance of a metal box—say, an antenna 

coupler—use a non-conductive box: ma-

sonite, bakelite, acrylic, polystyrene. 

With nice professional-looking, neatly 

lettered panels on the front, your boxes can 

dress up the whole place! You can find 

knobs in any color or size that looks nice. 

Lettering has always been the hardest 

part. Now, you can buy lettering decals in 

black or white, in almost any size. They're 

simple to put on, and give the whole thing 

a neat touch. Also, you'll be surprised how 

much easier (and safer) the equipment is 

to use when all controls are labeled! 

If you have a chassis so goodlooking 

you hate to cover it up, use a clear plastic 

panel. Quarter-inch stock can be bought 

in almost any size sheet you need. (Try 

aircraft supply houses; plane windows are 

plastic. O r look around the boneyard at 

the airport; wrecked planes always have 

"lots of good parts.") Use black lettering 

on the clear plastic panel. For a final 

touch, turn the pilot light so it illuminates 

the chassis when it's turned on! 

With the stuff enclosed in boxes and 

panels, the shack looks a lot better. You 

also keep it safer, and the worst trouble a 

visitor is likely to experience is a bawling-

out from you for fiddling with all those 

pretty knobs! 

safe and sane construction 
Commercial and kit gear is pretty well 

safety-ized; homebrew gear is something 

else, but it shouldn't be. When you build 

a new transmitter or receiver, if there are 

any voltages present higher than about 25 

volts dc, take precautions. There are a 

few simple steps that make any rig safer 

to use and work around. 

For one, be sure the ac power coming to 

the switch and power transformer of the 

rig is well protected. Mount a strong three-

terminal strip just inside the chassis, and 

solder the ac cord solidly to the lugs, along 

with the leads for the power transformer 

primary and the switch. 

In transmitters, there are several con-

trols to adjust for proper tuneup or load-

ing. The shafts of some of these must be 

" ho t "— fo r example, the small trimmer ca-

pacitor across the final tank in the an-

tenna circuit. When you mount such con-

trols, situate them so you can use insulated 

extension shafts. Then you can make tune-

up adjustments from outside, in perfect 

safety. You can get plastic tubing 16-18 

inches long that'll fit over a 1/4-inch shaft. 

All you have to do is slip the open end 

over the shaft and fix it there with a dab 

of epoxy-resin cement. Leave about an 

inch of the tubing sticking out, if the con-

trol works easily, and you won't even need 

a knob. 

A new piece of gear usually starts out in 

breadboard style, even in fancy electron-

ics labs. Temporary wiring, if done slop-

pily, can be dangerous. To keep it safe, 

use well insulated wires, and make sure 

all power connections are tight (so they 

can't work loose and touch things they 

shouldn't). 

There's one good way to connect two 

wires together temporarily. Take a 6-inch 

piece of spaghetti large enough to slip over 

the insulation. Slide the spaghetti over one 

wire. Strip about 1/4-inch of insulation 

from the end of each wire, and solder a 
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smooth lap joint. When the solder sets, 
slip the spaghetti over it so the joint is 
right in the middle. When you're ready to 
put the thing into permanent form, slide 
the spaghetti back, and a tap with the hot 
soldering iron will open the joint. You can 
even put the spaghetti "back in stock" un-
harmed. No waste at all I 

The lap joint is also useful for tempo-
rary connections in the apparatus itself. 
Tack the wire end to the terminal lug 
solidly. Don't make a hook in the wire; let 
the solder do the holding. The joint will be 
safe and solid, but easily disconnected 
when you get the final design done. 

Exposed multiple-screw terminal strips on 
the back of a piece of gear might not 
seem particularly dangerous since they'll be 
well out of the way—or, will they? Try drop-
ping a pencil or something down behind 
and then reaching for it. (Voice-Of-Experi-
ence stuff again!) All those terminal strips 
can be covered up, either with plastic cov-
ers bolted in place or with a wide piece of 
cloth-backed adhesive tape. The tape is a 
good temporary precaution during con-
struction, as well. 

When you make interconnections be-
tween units, make them safe. The best way 
is to make them plug in. A good source of 
cheap plugs and sockets is a junked TV 
chassis; octal tube sockets and old tube 
bases can give you enough plug/socket 
combinations to last a long time. One 
hint: when you hook these up, be sure the 
voltage source is connected to the female 
plug! This way, the contacts are out of 
reach. Never have voltage on a male plug, 
with its exposed pins; this is courting 
trouble. 

Safety in the ham shack is really simple 
and easy if you go at it in the right way. 
All it takes is a little common sense, some 
insulation and decent housekeeping. Keep 
the hot stuff well covered up, so the ignor-
ant or uninitiated can't get their fingers 
into it. Keep the floors cleared so no one 
trips and breaks something (of yours or 
theirs). Practice looking for possible haz-
ards, and then take precautions to make 
them harmless. 

ham radio 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back! 
Now RCA Institutes Home Study Training has the 
F C C License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the F C C License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course—while de-
signed tor.Commercial license qualification—con-
tains much of the new material called tor by FCC 
Docket 15928—advanced and extra class you'll 
want to quality tor before November of 1969. QRX 
until you get the information. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your F C C License. 

RCA INSTITUTES, INC. 
Dept. HR-39 
320 West 31st Street. New York, N Y. 10001 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. 
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Address -

City State Z l p 
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Using an inexpensive integrated circuit for 
stage functions, this vox unit can be added 
to any transmitter. Operation is particularly 
stable and adjustment simple. If an antitrip 
stage is not needed, the circuit requires only 
two IC's and one transistor. 

An effective vox circuit should have 

1. Good sensitivity. 

2. Positive relay switching. 

3. Good antitrip action. 

4. Independence of the controls for 
over-all sensitivity, antitrip sensi-
tivity, and time delay. 

The unit described may not be the last 
word in vox performance, but considering its 
relatively simple circuit, it performs much 
better than many elaborate tube or transistor 
units. The switching action is positive, and it 
has none of the transient problems associated 
with many other circuits, particularly those 
using tubes. Its construction and power sup-
ply requirements are straightforward. It can 
be easily incorporated into an existing trans-
mitter or built as an outboard unit for mobile 
or portable service. 
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The heart of the unit is several Fdirchild 

mL914 integrated circuits. This versatile IC 

costs less than a dollar from major supply 

houses and is fast becoming one of the most 

popular units for amateur use. In fact, you 

might say that it is the 6V6 of integrated cir-

cuits. Part of this popularity derives from its 

basically s imple internal circuit, fig. 1. The 

circuit is certainly s imple compared to many 

other IC's, but this very simplicity allows it 

to be used, by varying its external connec-

tions, for a wide variety of uses ranging from 

switching to amplifying circuits. Packaging 

four transistors inside the unit allows com-

pact and economical circuit construction. 

The vox circuit illustrates the wide variety 

of uses for the mL914. Even if you don't bui ld 

i o— 

tained directly at the microphone connec-

tion. Alternatively, if this is inconvenient, 

another nL914 amplif ier stage can be added 

to the vox, with the sensitivity potentiometer 

connected between the two stages. 

The second nL914 stage is an inhibit gate or 

switch for antitrip action. It prevents micro-

phone pickup from the station loudspeaker 

from activating the vox circuit. T h e antitrip 

reduces the vox's sensitivity to speaker signals 

by reducing the over-all vox gain. The second 

txL914 performs this function in a unique 

manner. 

If the terminal connections for the ^L914 

are fol lowed, it wil l be seen that one tran-

sistor is an ordinary grounded-emitter ampli-

fier. Another transistor is a shunting element, 

; 640 

4SO r^Q nHQ 
-o« 

O 
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fig. 1. Internal circuit of the fiL914 integrated circuit. 

the vox, the circuits may inspire ideas for 

other applications. 

the circuit 
The complete vox circuit is shown in fig. 2. 

Three basic stages are used, each containing 

one /tL914—an input amplifier, inhibit gate, 

and delay generator. 

The audio input circuit is conventional. If 

you compare the terminal connections of the 

m L 9 1 4 in fig. 2 with the actual ju .L914 internal 

circuit of fig. 1, you wil l see the amplifier 

consists of two tandem grounded-emitter 

stages. The capacitors at pins 1, 5 and 6 are 

not adequate for good speech reproduction 

(they should be 20 to 25 ^F), but this is not 

important for this particular application. 

The audio input can be taken from the first 

audio (microphone) amplifier stage in the 

transmitter, if sufficient level cannot be ob-

with its collector and emitter across those of 

the first transistor. A positive control voltage 

appl ied to the base of the second transistor 

decreases its collector-emitter resistance and 

shunts the output. 

The control voltage is developed by simply 

rectifying part of the speaker voltage. A s 

shown, a transformer (miniature transistor 

type) matches the speaker impedance. If an 

audio connection can be made at a high-

impedance point, the transformer wi l l not be 

necessary, and connection can be made di-

rectly to the antitrip level potentiometer 

through a 1-mF capacitor. 

The entire vox unit can be considerably 

simplified if the antitrip feature is not re-

quired. In home stations where the micro-

phone gain is run fairly high and loudspeaker 

operation is used, antitrip is required. In situ-

ations where the microphone gain is run low 
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fig. 2. Schematic of the IC vox; each integrated circuit is a ^L914. The relay is a Dunco MMR2AM. 

and the microphone held closely to the lips, 
antitrip is often unnecessary, even with loud-
speaker operation. If antitrip is not needed, 
the second fiL914 can be eliminated, and the 
arm of the 10k sensitivity potentiometer con-
nected to the left side of the 5-/*F capacitor 
that is connected to terminal 7 of the second 
mL914. 

The third /itL914 is connected as a form of 
monostable vibrator. A positive input pulse 
produces a positive output pulse. The rectifier 
circuit between pin 7 of the second *d914 
and pin 2 of the third nL914 provides the 
positive input pulse. The output pulse re-
mains positive for a period after the input 
pulse has decayed; this is determined by the 
time constant provided by the 100k potentio-
meter and 500-MF capacitor. A maximum de-
lay of about 3 seconds is possible, although 
this can be increased as desired by increas-
ing the capacitor value. 

The output pulse from the delay generator 
controls the 2N3641 switch, which in turn 

activates the relay coil. The relay contacts are 
connected across the transmitter push-to-talk 
circuit contacts. The relay can be almost any 
low-coil-resistance type that works on 3 to 6 
volts. 

construction 
Actual construction depends upon how the 

vox unit will be used. If used as an outboard 
unit, it should be placed in a shielded en-
closure. In general there is nothing critical 
about the wiring. 

The photo shows how the components 
can be easily assembled on a piece of Vector 
board. The potentiometers can be either 
mounted on a separate control panel, or 
miniature PC types can be mounted directly 
on the Vector board if frequent readjustments 
are not made. In fact, for a stable situation 
with specific equipment, they can be re-
placed with fixed resistors. A suggested parts 
layout is shown in the photo, but any similar 
arrangement can be used. The /uL914 terminal 
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numbering in fig. 1 should be carefully noted. 
The index mark denotes terminal 8, and not 
terminal 1. 

Other types of integrated circuit "dual 2-
input NAND/NOR gates" may be usable in 
place of the mL914, but the specifications for 
their internal values should be carefully 
checked to see that they generally corre-
spond to the 

The vox may be battery powered from D 
cells or operated through a voltage divider 
circuit from a low-level dc source in the 
transmitter. If battery operated in a mobile 
station, a zener voltage regulator is desirable 
to prevent voltage fluctuations from changing 
the time delay. 

summary 
Adjustment is quite simple. If the antitrip 

stage is not used, the sensitivity control is 
set for the microphone level at which you 
want the transmitter to be turned on. The 
time delay is adjusted for the desired pause 
period between words until the vox disables 
the transmitter. If the antitrip feature is used, 
the procedure described above should be 
followed with the speaker volume turned 
down. The speaker volume is then turned up 
and the antitrip level adjusted so the speaker 
output does not activate the vox. Control in-
teraction is nil. 

A further interesting use to which the vox 
unit can be put is to add cw operation to a 
ssb-only transceiver. A keyed audio tone is 
fed to the transmitter audio input and the 
vox unit. The vox then acts as a cw break-in 
circuit with an adjustable time delay. One 
important precaution that must be observed, 
however, is that the tone be of a single fre-
quency and as pure as possible. The output 
of any tone oscillator used should be checked 
on an oscilloscope. Through suitable ampli-
fier circuits, the keyed tone can also serve as 
a sidetone for monitoring the keying. 

A final word of caution concerning han-
dling the /iL914 is in order. Although it will 
withstand considerable environmental ex-
tremes, the fiL914 can be easily ruined by ex-
cessive terminal heal or incorrect supply volt-
ages. The same precautions applicable to all 
transistor circuits should be observed. 

ham radio 

NOISE BLANKER 
FOR THE SWAN 250 

Westcom Engineering is now offering the T N B 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Noise Blanker effectively sup-
p r e s s e s n o i s e g e n e r a t e d by auto i g n i t i o n s , 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 

Features include modern solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown Installed on Swan 250 by means 
of the pre-punched accessory holes. 
TNB-250 $29.95 ppd. 
(Priced well below that of a VOX accessory. 
Can you afford not have one?) 
Model T N B Noise Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 

Choice of 12-18, 100-140, or 125-160 VDC, RCA 
phono or B N C connectors. Specify for 40, 20, 
or 10 meter converter output. 
Model T N B $29.95 ppd. 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the T N B Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For fast Air 
Mail add (.80) C.O.D. orders accepted with 
$5.00 deposit. California residents add sales 
tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

W E S T C O M 
E N G I N E E R I N G C O M P A N Y 

P. O. Box 1504 San Diego, Cal. 92112 
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propagation 

predictions for march 

Let the reader beware; I am in the process of 
modifying the computer program used to 
derive the maximum range charts for this 
column. The first step (incorporated in the 
February column) was the conversion of dis-
tances from kilometers to statute miles (pre-
viously done after the chart was drawn). The 
only change you will notice is that the mini-
mum range is now 1000 miles instead of 
1000 km (625 miles). The problem: new "re-
fined" formulas may cause a greater change 
in predictions between months than is actual-
ly present. Next month 160 meters will leave 
the charts. 

Predictions of sporadic-E activity may de-
servedly cause you to entertain some reserved 
skepticism. Looking back on December 1968, 
not only were there no two^meter sporadic-E 
openings reported (in the Northern Hemi-
sphere), but six meters didn't fare well by 
sporadic-E either. However, ZK1AA in the 
Cook Islands moved his beacon to 50.100 
MHz, and I have reports of it being heard in 
Southern California on December 5, 7, 9, 10, 
21, 22 and 29, generally between 1400 and 
1530 or between 1830 and 1930 pst. 

maximum usable frequencies 
It is expected that solar activity will con-

tinue its very slow descent from its peak in 
1968. The small change of smoothed sunspot 
numbers from last March (103 for March 
1968, 98 for March 1969) may only be noticed 
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by 50 MHz operators, and an increase in the 
number of ionospheric disturbances could 
result in even more openings. The most like-
ly 50-MHz openings during March and April 

10 IS so 
MARCH 1968 

0 
t» > 

1. Maximum usable frequencies (F2 layer) scaled 
from vertical incidence ionograms taken at Point 
Arguello, California between March t and March 31, 
1968 compared with magnetic activity. 
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2. Variation of path loss with frequency for trans-
•quatorial propagation between Oahu, Hawaii and 
Raratonga, Cook Islands, during March 1968. 
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4. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the north. 

wi l l be by transequatorial forward scatter (for 
Southern United States) and by aurora (for 
Northern United States) dur ing the evening 
hours. 

Max imum usable frequencies dur ing March 
1969 wi l l probably be w i th in a few percent 
of those of March 1968. I have scaled vertical-
incidence ionograms taken at Point Arguel lo, 
Cali fornia (35.5° N. latitude) dur ing March 
1968 to determine the muf for the maximum 

one-hop distance for a path w i th the control 
point at that latitude. The muf's at 0500,1300 
and 2100 local t ime (pst) are indicated for 
each day of the month in fig. 1. The median 
muf's predicted by ITS for a 4000 km path 
were 14.8, 36 and 20.5 MHz, respectively. 

It appears that ITS overestimated night-
t ime muf's and underestimated dayt ime 
muf's. The predawn min imum of F2-layer 
crit ical frequencies occurs near 0500. The 

3. Time chart of predict-
ed median muf for March 
1969 based on 90° W . 
Longitude. 

LOCAL TIME AT CONTROL POINT 
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5. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the northeast (top 
time scale) and the northwest (bottom time scale). 
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LOCAL TIME 

6. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the east (top time 
scale) and to the west (bottom time scale). 

7. Maximum range due to absorption and noise vs 8. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the southeast (top local time from 38° N. Latitude to south, 
time scale) and the southwest (bottom time scale). 
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how to use these propagation charts 

1. To find the maximum usable frequency for 
F2-layer propagation for distances of 2500 miles 
or more in any direction, read the frequency at 
your control point from the muf time chart. 
Your control point is 1200 miles away from 
your station in the direction of the propagation; 
this it about an 18-degree difference in latitude 
for a north-south path, or 1 1/J hours difference 
in time for an east-west path. The muf time 
chart may be treated as an muf contour map in 
the longitude interval between 45° W. and 135° 
W. A s such, each hour is the equivalent of 15° 
of longitude. A map drawn to the same scale 
could be overlayed and positioned to the right 
or left to show the variation of the muf contour 
map with time. 

2. Over any particular path involving more 

than one hop, the path is the lower of yours 

and the other station's control-point muf. 

Curved lines may be drawn on the overlay rep-

resenting the great circle path, as found from 

a globe or " Ionospheric Radio Propagation," 

printed by the U. S . Government Printing Office. 

3. To find the maximum propagation distance 
as limited by ionospheric absorption and at-
mospheric noise, refer to the maximum range 
charts for the directions you wish to work. 
Note that tha time scales are reversed for 
westward propagation. These curves are based 
on unity signal-to-noise ratio in a 6-kHz band-

width with 100 watts output power and antenna 
gains (over an isotrope) of 6 dB for 20 meters, 
0 dB for 40 meters, and —6 dB for 80 meters 
at each station. 

The muf time chart was derived from " Iono-

spheric Predictions" for a longitude of 90° W. 

These predictions are published monthly by 

the Institute for Telecommunications Sciences 

( ITS), Boulder, Colorado and available through 

the U. S. Government Printing Office. The 

maximum distance curves were derived from 

consideration of atmospheric noise levels (from 

C C I R report 322) and calculated path losses at 

fixed distances in each direction from 38° N. 

latitude. Some minor differences in maximum 

range would be noted due to change in absorp-

tion for stations located between 26° N. and 

50° N. latitude. Somewhat greater ranges 

would be expected over paths further from tha 

subsolar point (more northerly latitudes). 

The predictions given in this column are for 

median conditions. O n any particular day, 

muf's may be as much as 1 0% higher or lower 

than the median. Absorption and noise levels, 

particularly on the lower amateur bands may 

be as much as 10 dB different from the median. 

Residential noise levels (from electrical lines, 

appliances and vehicular traffic) may, and fre-

quently will, be tens of decibels stronger than 

atmospheric noise. 

highest muf's occur near 1300 or somewhat 
thereafter. Prime operating time (for those 
who work days) is near 2100, which also hap-
pens to be in the middle of the transequatori-
al scatter period (not evident on soundings 
this far north). Note a decrease in daytime 
muf's as the month progresses, and an in-
crease in nighttime muf's. The lower curve is 
of the magnetic activity index Ap. 

effect of magnetic storms 
Magnetic storms occured between March 

3, 0700 and March 6, 0100; March 9, 2300 and 
March 11, 1200; March 14, 0200 and March 
17, 2000; March 23, 0700 and March 27,1100; 
March 29, 0200 and March 31, 0000; and 
March 31, 0300 to April 1, 2300 (gmt). The 
most obvious effect of the magnetic distur-

bances was to lower the 1300 and 2100 muf's. 

The predawn muf's were affected to a much 

smaller degree. One effect noted on the 

nighttime ionograms during the storms at the 

middle and end of the month was spread-F, 

a time-delay spread echo from ionospheric 

irregularities, i.e., the ionosphere no longer 

behaved like a smooth reflecting surface. 

transequatorial propagation 
Transequatorial scatter propagation in-

volves oblique reflection from F-region irre-

gularities near the magnetic equator. Trans-

equatorial propagation (TE) may occur at 

frequencies at least twice as high as the muf 

for regular ionospheric refraction. The signal 

is often spread in time delay and undergoes 

Doppler shifts that correspond to reflection 
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from equatorial F-region irregularities drifting 
east-west as fast as 330 mph. Fig. 2 shows the 
variation of minimum path loss with frequen-
cy for TE propagation between Oahu, 
Hawaii , and Raratonga, Cook Islands, during 
March 1968. Peak signal levels occured be-
tween 2100 and 2200 local time. For refer-
ence, well-equipped amateur radio stations 
could probably communicate with a path 
loss of 50 to 60 dB in excess of free-space 
loss at this distance. 

In v iew of the preceding, and infrequent 
propagation at 108 MHz, it appears that 144-
MHz TE is somewhat beyond the range of 
amateur radio capabilities. However, the 
same has been said of 220-MHz meteor scat-
ter and 432-MHz aurora. 

seasonal changes 
As the vernal equinox (March 21) ap-

proaches, the effect of geomagnetic control 
on the F2 layer becomes more evident in the 
muf time chart, fig. 3. At 90° W. longitude, 
the muf contours are centered on the geo-
magnetic equator, about 9° to the south of 
the geographic equator. Seasonal changes 
from earlier months are: 

1. Higher noise levels; 80- and 160-meter 
noise levels at midnight are expected to be 
up an average of 8 dB during Spring. 

2. Lower daytime F2-layer muf's in north 
temperate latitudes, especially during morn-
ing hours, possibly higher F2-layer muf's dur-
ing midafternoon in tropical latitudes. 

3. Higher nighttime F2-layer muf's with fif-
teen meters being open as late as 2200 local 
time and twenty meters staying open all night 
during the latter part of the month for 
southerly paths. 

4. Higher absorption during daytime in the 
Northern Hemisphere. 

5. Polar paths wi l l be increasingly difficult on 
21 and 28 MHz as the muf contours move 
southward. 

Opt imum conditions are expected for con-
tacts between Northern and Southern Hemi-
spheres. 

ham radio 

those days before spark 

. . . so I sez to him look . . . 
you want your signal to gat out, 
you gotta get it up in the a i r . . . 
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computers 
and 

ham radio 

This is probably 

as far-sighted 

as you can get, 

but it's a challenge 

to the imagination 
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Have you noticed the publication explosion 
that's taken place recently in electronics? 
Next time you're at your favorite parts sup-
ply house take a look at the book rack. 
The number of books and periodicals de-
voted lo solid-state technology is stagger-
ing. You really have to dig way back into 
the dust bin to find an article on the ap-
plication of a 6AK5 in a vhf preamp, for 
example. Indeed, it seems rather pointless 
to fool with any vacuum tube unless it's re-
quired for developing large amounts of rf 
power. We may as well face the facts: the 
vacuum tube is going the way of such 
quaint items as the ra2or strop and the 
silver fifty-cent piece. 

It's hard to find any electronic circuit 
that hasn't been adapted to solid-state de-
vices. For example, a recent issue of one 
popular amateur electronics magazine 
had a total of nine articles involving the 
use of solid-Male devices but only one that 
used vacuum lubes. So it's a healthy sign: 
amateurs certainly aren't dragging their feet. 

One area of technological advancement 
in electronics that hasn't made much of an 
appearance in the amateur field is the 
computer. During the past ten years the 
computer has developed into a powerful 
tool for business, industry, education, and 
the government. All our lives are affected 
by the computer. If anyone doubts this, all 
he has to do is try to get a gasoline credit 
card cancelled. One fellow spent about 
five bucks in stamps and telegrams trying 
to do this, and he finally gave up. Business 

The Digital Equipment Corporation's PDP-8/S com-
puter sells (or under 510,000. The basic system in-
cludes 4096 words of 12-bit memory and is capable of 
real-time, on-line computation. 
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is so automated these days it's somewhat 
frightening. However, I have no doubt that 
the future will bring forth a computer that 
will not only read handwriting, but will 
sass you right back in your own language. 
In fact, right now it's possible to talk to 
computers In a rather crude way—but 
more of this later. 

The big question is, what effect, if any, 
w/l! the computer have on amateur radio? 
I'd like to theorize a little and consider 
some of the implications of the computer. 
Computers are already being used in ama-
teur radio. For example, some ham organi-
zations and equipment manufacturers use 
them to take the drudgery out of book-
keeping, and there are many other ap-
plications. This is pretty indirect, but valid. 

There's been a lot of mystery surround-
ing the computer, mostly in the minds of the 
lay public. You hear all sorts of remarks such 
as "thinking machine," or "electronic brain," 
etc. Well, first of all I'd like to set the rec-
ord straight. The digital computer is not a 
thinking machine, nor is it any kind of 
brain. As a matter of fact, the computer 
is a charter member of the idiot squad. 
It's stupid. It can only do what it's told. 
Furthermore, if it's not told correctly, all 
kinds of problems can develop. For exam-
ple, the IBM 7090 general-purpose comput-
er costs something like $500 an hour to 
operate, depending on the amount of pe-
ripheral equipment. If the machine isn't pro-
grammed properly it's possible to run up a 
pretty fair-sized tab. However, these ma-
chines have time-limit instructions in their 
soft-ware to circumvent loops or system-
oriented problems. 

Stated simply, a digital computer is 
nothing more than a sophisticated calcula-
tor with a memory, input/output (I/O) and 
peripheral equipment. The I/O consists of 
some means of communicating with the 
computer (input) and a means of obtaining 
computation results (output). Input could be 
punched cards, magnetic tape, or even a 
graph, depending on the machine. Output 
can consist of printed listings, cards, tape, 
or graphs. 

You must learn a new language to com-
municate with the computer. Because these 

machines use on/off circuits, ordinary 
numbers as we use them have to be trans-
lated into the binary system. There are 
many books on binary arithmetic, so I 
won't go into an explanation. 

However, it's pretty clear that, if the ma-
chine can be in either an "on" or "off" 
state, it can't very well handle numbers 
whose base is ten. Furthermore, the digital 
computer does nothing more than the four 
basic operations of arithmetic: add, mul-
tiply, divide, and subtract. And this is 
where the programmer comes into the pic-
ture. It's his job to translate complex 
mathematics into combinations of these 
basic operations. 

computer development 
The computer industry is young, and in 

the past ten years fantastic changes have 
taken place. Computers have undergone 
the same technological changes we have 
seen in ham gear. Early computers used 
relays, then tubes. Most recent machines 
are fully transistorized, and the newer 
units use integrated circuits. The use of in-
tegrated circuits has drastically reduced 
computer costs. You can now buy a com-
plete computer for under $10,000. The 
$5,000 mark has just been made, and no 
doubt the future will eventually see a 
$1,000 machine. Already several small edu-
cational computers are selling for several 
thousand dollars. When we start talking in 
the lower price ranges, the feasibility of a 
computer in the ham shack doesn't sound 
too fantastic. 

Just how could the computer be used? 
Since computers work exclusively with 
codes and pulses, their greatest applica-
tion appears to be in the area of CW and 
RTTY. I'll list a few of the possibilities, 
keeping in mind that the computer is a 
versatile device with an extensive memory 
and can be programmed to do almost 
anything. 

cw keyer 
The computer could be used as an auto-

matic CW keyer. The I/O typewriter would 
be used, as in teletype operation, to send 
the letters and numbers. The computer pro-
gram would recognize the code generated 
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by the I/O typewriter and would, in turn, 
generate the appropriate dots and dashes 
to drive or key the transmitter. The pro-
gram could be written to include a speed-
selection feature wherein the desired out-
put speed would be selected before sending 
by typing in the desired speed. The control 
program would recognize the speed and 
set up circuits to generate code at the se-
lected speed. Naturally, this feature would 
be limited according to the operator's typ-
ing speed. 

goodbye code practice 
With the help of some special external 

circuits, the computer could also be used 
to receive conventional CW signals, inter-
pret them and type them out on the I/O 
typewriter. The external circuits are needed 
to compensate for the wide variations in 
speed, spacing, and dot-dash length ratio. 
This is really a beautiful application since 
it would ensure a perfect, typed copy for 
every radio contact with no operator CW 
skill required. 

fig. 1. Block diagram of a 
computer control led amateur 
station. 
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The use of the computer merely as an 
automatic keyer doesn't really tax its ca-
pabilities at all. The computer's extensive 
memory would permit storage of complete 
words and sentences that could be called 
for by the operator from the keyboard. It 
would make the ultimate CQ wheel. In fact, 
entire conversations could be canned, in-
cluding CQ and the initial response with 
name, signal report and location. All in-
formation would be stored as part of a 
master control program before the contact. 
Then the operator could call for this in-
formation when needed by simply typing 
in the proper message on the I/O type-
writer. How about that? Almost takes the 
joy out of living. 

rtty 
Because of the wide versatility of the 

computer's logic circuits, it could also gen-
erate standard RTTY signals without addi-
tional hardware. Only a special program 
would be needed. Of course, the fsk or 
afsk modulator would be external. Having 
a computer in the ham shack would mean 
a total CW-RTTY capability in one pack-
age. And with the proper control program, 
the computer could perform CW-to-RTTY 
and RTTY-to-CW conversions so that the 
two modes could cross-communicate. 

automated log-keeper 
The computer is a wil l ing worker and is 

quite adept at such routine jobs as book-
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keeping or record keeping. With propfer pro-
gramming, it could perform the job of an 
automatic log keeper. During a computer 
contact, the operator would enter pertinent 
data such as dates, times, power, fre-
quency and other required log information 
via the I/O typewriter. During the contact, 
this data would be stored along with that 
accumulated during the contact such as 
name, location, signal report, etc. All data 
would be stored during the day's opera-
tion. At the end of the day, the operator 
would simply call for a log printout, and 
the I/O typewriter would type out all log 
data in a predetermined format under the 
direction of the control program. The log 
printout could be filed, as required by law. 

qsl monitor 
If the computer's memory system was ex-

tensive enough, it could store information 
from the callbook, and upon completion of 
a contact it would automatically type out 
a QSL. Oh—too much. 

contests 
The automatic capability and record-

storing feature of the computer would real-
ly be a boon to contest operators. In fact, 
the computer could conceivably carry out 
the whole contest alone if programmed 
properly. It would send and answer CQ's 
and exchange contest information. It could 
keep track of the station's call, contact 
number, and section worked and do cross-
checking and log keeping. When it was all 
over, the operator would call for a log 
dump on the I/O typewriter. Out would 
come a neatly typed, complete log of all 
contest activity. Fantastic? But entirely 
feasible. Contest scores by computer should 
be sky-high. 

Carrying this a bit further, when you're 
in your car on the way home from work 
the night of the contest, you could push 
a button on the dash and get the whole 
shebang into operation precisely at the 
moment of contest start. Then you could go 
into the house, take a leisurely shower, sort 
out your mail (who needs mail with com-
puters around?), have dinner, read the 
latest issue of ham radio (which by this 

time would be a printout) and wander out 
to the shack to see what's going on.* 

as a mechanized operator 
The computer can also be used to con-

trol and monitor the operation of other 
equipment in the shack such as the re-
ceiver and transmitter. In fact, if proper 
circuits in these units were made avail-
able, the entire station could be set up 
from the computer. The transmission mode 
(CW, RTTY) and frequency of transmitter 
and receiver could be set up by just typing 
in the desired information. 

Computer output pulses would control 
circuits in the receiver and transmitter to 
set the mode and frequency desired. An-
other example would be where the com-
puter would recognize the location of your 
man during the contact, compute the dis-
tance to the station and its local time, 
then type out this information for you. The 
bearing angle would also be calculated 
under computer control. 

the qsl bureau 
The problem of exchanging QSL's could 

be simplified and improved if put under a 
computer system. One large central QSL 
bureau could be established with a com-
puter to keep track of incoming and out-
going cards. Instead of the usual colorful 
printed QSL's, confirmations could be a 
punch card. While not as individualistic 
and colorful, the confirmation would be 
just as valid and easier for a computer to 
handle. Much of the usual paperwork 
headache associated with QSL bureaus 
could be delegated to the computer. 

I've only mentioned a few items here for 
consideration. I think they illustrate the 
point well. But by no means do they repre-
sent the entire capability of a computer for 
ham applications. 

Many of you will read this article with 
some skepticism, and I don't blame you. 
It does all sound a little farfetched. The 
amazing thing about it, though, is that it's 

' You'd better have on a padded suit, because the 
rascal could very well reach out and backhand you 
for not kissing it goodbye before leaving for work 
that morning Editor 
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all entirely possible today with existing 
technology. All it takes is money and ini-
tiative. 

A small computer could be purchased 
outright for about $10,000 to $15,000. It 
could then be interfaced with the other 
units as shown in fig. 2. The nature of the 
interface electronics would depend on 
what you want to do with the computer. 
Then comes the tough part—writing the 
control program. Because of the versatility, 
you could program almost anything. For 
about $15,000 and a little time, study and 
effort, you could own a complete computer-
controlled station, TODAY! Who will be the 
first? 

One nice feature about a computer-con-
trolled station is that when you're not 
hamming you can use the computer for 
other applications. Bear in mind the com-
puter is a general-purpose unit that can be 
programmed to do almost anything. You 
could use it to maintain a budget, keep 
your bank account up-to-date, keep track 
of charge accounts and figure your income 
tax. You could use it to estimate your 
chances with a given horse race or a stock 
on the securities market, and your wife 
could use it for keeping track of addresses, 
telephone numbers and Bridge scores. The 
applications are unlimited. Perhaps now 
we could justify the cost. 

Within the next several years, computers 
will decrease in cost, and knowledge of 
their use will be more widespread. The 
computer will probably be just like the tele-
phone. Each home will have one, and 
everyone will know how to use it. 

the last word 
One of the most significant recent de-

velopments in the computer field is time-
sharing. This is a process where one large 
computer is used to serve many individuals 
concurrently. Since large, powerful com-
puters are still very expensive, they can't 
generally be afforded by small businesses 
and individuals. But occasionally, the ser-
vices of the larger computer are needed. 
Timesharing makes it possible. Each user 
in a timesharing system has a small, in-
expensive I/O terminal, much like the type-

writer unit shown in fig. 2, at his home or 
place of business. The computer is located 
at some central and convenient point, and 
the user communicates with the computer 
via the telephone lines with his I/O ter-
minal. 

Timesharing places the computing power 
of a large computer in the hands of a 
number of users. Since the computer is 
shared, the cost is divided among them, 
making the price of computing very low. 
In fact, it's so low that in the near future 
all of us will probably have a timesharing 
I/O unit in our homes. As timesharing 
equipment and programming techniques 
are improved, their cost will no doubt be-
come lower. 

It doesn't seem as though ham radio 
and timesharing go together though, does 
it? However, there are possibilities. Why 
not ham-station control by timesharing? 
The cost would probably be cheaper than 
buying a complete computer. Our control 
program would be stored in the main com-
puter, and because of the vast power of 
this larger computer it could be a very ex-
tensive and sophisticated program per-
mitting features too complex for a smaller 
computer. 

Perhaps we could set up a system where 
we could communicate with the central 
computer by radio rather than by the tele-
phone lines. Timesharing by radio would 
be faster and cheaper, since there would 
be no charge for the telephone lines. Such 
a timesharing system could be set up for 
hams. Then we could all use it for ham-
station control or any other application. 
A computer system like this, coupled with a 
satellite system, would put a fantastic 
communications capability in our hands. 

It is not a question of technical feasibil-
ity, but rather of whether we should do it 
at all. Is it just too fantastic? We could do 
it right now. But maybe you don't want a 
computer to operate your station even if 
you could afford it. Then again, the pres-
tige and convenience may be just what 
you are looking for. Besides, you will still 
operate the station yourself by controlling 
the computer. Or would you? 

ham radio 
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repairing high-voltage 

transformers 
The plate voltage transformer is pretty 
much taken for granted by most hams. It 
represents a pretty large initial investment 
and is expected to perform dependably 
with no servicing other than general clean-
ing and removal of accumulated dust. A 
transformer rated to provide power for a 
kilowatt rig can cost anywhere from about 
$40.00 to over $100.00, depending on how 
much horse trading you're willing to do. It 
is therefore not unreasonable to expect 
trouble-free operation of the device, pro-
viding the usual overload circuits are in-
corporated in its installation. 

Despite good installation practice it's 
possible for power transformers to fail, 
sometimes for no apparent reason. Regard-
less of whether the transformer is a second-
hand pole pig obtained from the power 
company, or a brand-new one from a well-
known manufacturer, there is no absolute 
guarantee that something can't happen to 
cause a failure (Murphy's third law). 

I have had two sad experiences with 
large power transformers. Both are com-
mercially made units bought from reputa-
ble firms. The first failed as a result of 
rectifier tube flashback, and the second 
just plain short circuited in the secondary. 
Both problems occurred despite overload 
protection circuits. Each transformer was 
enclosed in a steel case, and each was 
wound with the secondary over the pri-
mary. One was even impregnated with tar. 
The tar is supposed to protect the wind-
ings from moisture penetration, (it doesn't.) 
The unit that failed because of rectifier 
flashback was easiest to repair. The other 
was a more involved problem and entailed 
complete disassembly to locate and repair 
the trouble; the secondary had to be com-
pletely rewound on this unit. 

Both transformers appeared to be hope-
less cases as far as being repairable. How-
ever, I like to operate the rig and really 
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couldn't stand the expense of replacing a 
$75.00 piece of equipment. I figured I had 
nothing to lose anyway, so I decided to 
see if the transformers were worth repair-
ing. The following paragraphs describe 
how these transformers, which would other-
wise have ended up as expensive junk, 
were doctored and restored to service. 

causes of transformer failure 
Most power transformers fail because of 

high voltage insulation breakdown. It is 
rare for a transformer to develop an open 
or short circuit in the primary winding. If 
problems do occur in the primary (e.g., a 
short between turns, open circuit, short to 
the case), then you are faced with remov-
ing anywhere from 3000 to 4000 turns of 
secondary wire, usually about number-22 
AWG, just to expose the primary. This, of 
course, is assuming the primary is wound 
under the secondary as is the case with 
many large power transformers. The pri-
mary, once you get to it, is easier to re-
pair than the secondary since the primary 
consists of 300 to 400 turns of fairly large 
wire (about number-16 AWG). 

preliminary checks 
It is not necessary to remove the case for 

an initial check, because all you want to 
do at this point is try to get a clue as to 
where the trouble is and how serious it 
might be. Not much can be done with a 
bad transformer while still in the power 
supply, so the first thing to do is set it on 
the workbench and make some resistance 
measurements. First test for a short be-
tween primary and case, then between 
secondary and case. Next measure the re-
sistance across the secondary and be-
tween each end of the secondary and 
center tap. The secondary resistance should 
be around 300 ohms between each end 
and the center tap if there is no short be-
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tween turns. If the meter shows a resistance 
differential of more than 30 or 40 ohms 
between each end of the secondary and 
the center tap, then you know the prob-
lem is somewhere in the secondary. 

The next step is to remove the case. Re-
move the bolts and save the lockwashers 
and nuts. You' l l f ind upon reassembly that 
you must pud down the nuts on the case 
bolts qui te t ightly to min imize core hum. 
The lockwashers are necessary on these 
monsters! 

The primary and secondary leads should 
now be exposed. These are just long 
enough to reach the terminals w i thou t 
much slack to spare, so you' l l have to use 
reasonable care wh i le work ing wi th them. 

REPAIRED 
TRANSFORMER 

fig. 1. Circuit for "smoke testing" the re-
paired transformer. The 1000-ohm resistor is 
for current limiting in case one of the wind-
ings is still shorted. 

They w i l l stand some flexing, but it is pos-
sible to break one off where it disappears 
into the winding. Power transformers are 
pretty rugged otherwise and w i l l withstand 
ordinary handl ing dur ing disassembly and 
assembly. 

Unsolder the leads f rom the lugs on the 
insulators, then dig out any tar. (Comes out 
in chunks—no problem.) Inspect the w ind-
ing area for charred spots. These w i l l be 
pretty obvious if the short was caused by 
rectifier flashback. If the failure was 
caused by some other problem then the 
trouble w i l l be harder to locate, and you 
wi l l have to disassemble the core. 

flashback failure 
My transformer caught fire when one of 

the rectifier tubes flashed back. For some 
reason I' l l never know, the overload circuit 

just flat fai led to protect the transformer. 
There was a charred spot where one of the 
secondary leads was brought up out of the 
transformer innards. Chances are pretty 
good that, w i th a rectifier flashback fail-
ure, the short-circuited area w i l l be near 
the coil surface, and probably in the first 
secondary w ind ing layer. In this type of fail-
ure, extreme heat caused by the high current 
surge destroys part of the insulation, al low-
ing one or more secondary wires to touch. 

Carefully peel away the insulation and 
clean off the carbonized material w i th an 
o ld toothbrush d ipped in alcohol. Don' t at-
tempt to replace any of the original insula-
ation, even if it appears to be okay. Ap-
ply at least six coats of red glyptal varnish 
all around the exposed wire, and work it 
wel l into the surrounding layers of insula-
t ion. It is essential that every bit of car-
bonized material be completely removed 
before applying the glyptal. A l l ow five ful l 
hours for each coat to dry. 

Next, wrap a layer of Scotch number-33 
electrical tape (rated at 10,000 volts per 
layer) over the exposed wires, then apply 
two more coats of glyptal over the tape 
and surrounding area. It's a good idea to 
slather glyptal all over the outside of the 
windings, again observing adequate drying 
t ime between coats. You just can't put too 
much glyptal on these things. 

After another ohmmeter check, as de-
scribed previously, the unit can be reas-
sembled. It's really not necessary to pour 
melted tar around the windings. As a mat-
ter of fact, my transformer had only an 
inch layer of tar at the top and bot tom of 
the case where the end bells jo in , so I 
d idn ' t bother to replace the tar. This trans-
former has been work ing perfectly for the 
past five years. (By this t ime maybe you're 
gett ing the message that I don' t have much 
faith in tar-impregnated power trans-
formers. I have a strong suspicion that this 
stuff does more harm than good.) 

The repaired transformer should now be 
given a "smoke test" before reinstalling it 
in the power supply. The simple circuit 
shown in fig. 1 is used for this check. You 
can substitute several 115-volt l ight bulbs 
for the Variac, but they should be ar-
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ranged so they can be progressively shorted 
to increase the primary voltage. Close the 
switch and slowly turn up the Variac. It 
should hardly be necessary to emphasize 
that you're dealing with upwards of 3000 
volts of instant death, so use utmost care 
during this test. If you've done a good job 
of cleaning and insulating, your trans-
former can now be reinstalled in the pow-
er supply, and you're back in business. 

digging deeper 
Why should an expensive, well-made 

power transformer mysteriously develop a 

short circuit? Commercially built trans-

formers are conservatively designed, and 

engineers specify high voltage insulation 

with large safety factors. Nevertheless, a 

transformer can be working fine one day, 

and suddenly a failure can occur in the 

insulation, causing a short circuit. Appar-

ently moisture somehow penetrates into the 

secondary and causes a high resistance 

path to build up. Finally, one day the insula-

tion just breaks down. 

When you inspect the external winding 

area after one of these "mysterious" fail-

ures, chances are you won't see anything 

as obvious as in the flashback case. But 

don't give up—all you have to do is re-

move the core, then unwind the secondary 

to expose the short circuit. This task isn't 

really as formidable as it might appear. 

First, let's take a look at how the core is 

put together. 

core arrangement 
The core consists of E \ sections of silicon 

steel about 0.01-inch thick. The E sections 

are placed over each other back-to-back, 

interleaved with I sections at each outer 

edge (fig. 2). You will find that the lamina-

tions have been driven quite tightly into 

the coil. A little strong-arm effort here will 

work one of the end laminations loose, 

then the others will come out easily. You 

will also find upon reassembly that it 

will probably be impossible to drive all 

the laminations back into the coil. M y 

rewound transformer has about ten E I 

sections missing, but the transformer doesn't 

seem to know the difference. 

the solenoid 
As the coil is unwound, you'll have to 

look carefully for evidence of insulation 

breakdown. It's a good idea to go over 

each layer with a magnifying glass, be-

cause the area of failure will probably 

contain extremely small holes in the in-

sulation. Be sure to count the number of 

turns taken from each layer and keep 

track of them. While unwinding my coil, I 

made a rough sketch of each layer, in-

dicating the winding area and number of 

turns per layer. It is not worthwhile to re-

wind with the old wire, because no matter 

how careful you are, it's virtually impos-

sible to avoid nicking the wire. Even one 

tiny nick will wash out all your hard work. 

fig. 2. Cor* buildup and auamblad transformer. 

the electrostatic shield 
If you have to remove the entire second-

ary winding, you'll probably find a layer 

of paper-thin copper between secondary 

and primary. This is a shield to prevent 

electrostatic coupling between the two 

windings. Its purpose is to keep higher or-

der line frequency harmonics out of the 

d-c plate supply. This shield isn't really 

necessary for ham power supplies and just 

causes added insulation problems. If you 

decide to keep the electrostatic shield, 

make certain it is reinstalled exactly as it 

was originally. M y recommendation is to 

throw the thing away. 

secondary wire 
If your transformer is more than ten 

years old it is probably wound with enam-
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elled Formvar. 1 searched all over trying to 
find a source of this wire, but found it's 
practically nonexistent these days. I re-
wound my transformer secondary with 
HPTX-200, made by Essex Wire Corpora-
tion. This material has a high tempera-
ture insulation of some type of polymer. 
It costs about $2.00 per pound for number-
22 AWG; it weighs about the same as 
Formvar, so you can determine how much 
you'll need after you remove the old wire. 

When you've located the short circuit, 
splice on the new wire, wrap the splice 
with Scotch number-33 electrical tape and 
give the entire area the red glyptal treat-
ment. You are now ready to rewind. 

rewinding the secondary 
I built a jig out of a piece of mop han-

dle to hold the solenoid for the rewind 
job. The solenoid, which has a paper tube 
core, was force fitted to one end of the jig 
and held with a couple of wooden wedges. 
I turned down the other end of the jig to 
fit into the chuck of a large portable drill 
motor. I mounted the motor on the bench 
with the solenoid protruding about eight 
inches over the edge of the bench. The 
spool of new wire was mounted onto a 
U-bracket fastened to a wooden cleat. 
This assembly was placed on the floor be-
neath the solenoid. 

The gears in the drill motor provide just 
enough drag so that the solenoid can be 
turned by hand during the rewind pro-
cess. Maybe it's possible to apply power to 
the motor and rewind the coil, but I found 
that to control the windings you have to 
rotate the solenoid by hand. This takes 
about an hour per layer for us old folks. 
As you rewind, put on the same number of 
turns per layer that were removed—no 
more, no less. Don't attempt to hop up the 
transformer by changing the primary-to-
secondary turns ratio. You are only asking 
for more problems, and an additional 500 
volts or so on the secondary won't make 
that much difference to your signal any-
way. (Remember, you have to double your 
transmitter power just to gain a 3-dB in-
crease in signal strength.) 

Wrap each rewound layer with Scotch 

number-33 electrical tape and apply two 
coats of red glyptal varnish on each layer. 
You are now ready to reassemble the core 
laminations. 

reassembly 
If you have rewound the coil as tightly 

as possible, you should have no trouble re-
inserting the core. It may be necessary to 
squeeze the solenoid slightly to accommo-
date the laminations. With one layer of 
tape around each layer of wire, plus the 
glyptal, the solenoid buildup should be 
very close to the original. It may be neces-
sary to tap the fast few laminations home 
with a mallet. Don't worry about slight 
bends in the laminations. When you pull 
the bolts down in the case, the lamina-
tions will flatten out. Now give the trans-
former the ohmmeter check, then the smoke 
test as described earlier. 

baking 
An added refinement, though not neces-

sary, is to give the repaired transformer a 
baked varnish treatment. For $7.50 I had 
this done at a local electrical shop that 
specializes in rewinding motors and gen-
erators. (Incidentally, while there I asked 
them for a quote on how much they would 
charge to repair my transformer. Would 
you believe $65.00, not including ma-
terial?) For the baking treatment, the un-
cased transformer is immersed in a vac-
uum tank, and insulating varnish is forced 
into the windings. The unit is then baked 
for several hours. I was a little concerned 
as to how the baking would affect the 
temperature resistance of the Scotch elec-
trical tape, but apparently it does no 
harm. This baking treatment is probably 
an improvement over tar impregnation. 

concluding thoughts 
You now have spent about $25.00 for 

material, are back on the air, and have 
had the privilege of being introduced to 
the all-but-forgotten art (at least in ham 
circles) of transformer winding. Hey, you 
ofd timers—kind of tugs at the heart 
strings, eh? 

ham radio 
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dc crystal switching 

This shorl article was prompted by an arti-
cle by W 7 0 E in the May issue of ham radio.* 
It's often desirable to use a single oscillator 
and switch crystals as a source of multiple-
frequency check points. Usually a number of 
crystals are simply mounted around the pe-
riphery of a multiple switch. The major diffi-
culty you run into with this approach is 
from the mechanical configuration that re-
sults. First, some of the rf leads are undesir-
ably long. Second, the physical requirement 
for the switch shaft to stick through the front 
panel limits the over-all oscillator configura-
tion. 

A diode switching approach allows flexi-
bility that simplifies the layout, uses a single 
oscillator and handles multiple crystals. The 
circuit in fig. 1 shows the principle applied 
to the same type of oscillator used by W70E. 
The beauty of this approach results from the 
fact that switching is accomplished with low-
voltage dc. 

tebook 

The oscillator can be located anywhere and 
the dc switching wires carried to a switch 
located at a convenient place. Since there is 
no rf on these wires, their length is unimpor-
tant. The photograph shows an oscillator us-
ing two crystals for sideband selection in-
stalled in an ssb receiver. In this type of 

H. S. Pyle, W70E , "Mini-Spotter frequency Checker," 
ham radio. May, 1968, p. 48. 

fig. 1. Diode switched crystal oscillator. With switch in position 2, diode D2 is reverse biased; D1 is forward 
biased and crystal Y1 controls frequency. The diodes may be any inexpensive type. 
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application, an additional advantage is gained 
from the fact that the wire only carries dc 
so it doesn't radiate any undesired rf into 
adjacent receiver circuitry. This approach 
could also be used for selection of crystals in 
ssb exciter transmitter circuitry. 

R. J. Schlesinger, K6LZM 

sbe linear amplifier tips 

When the original owner of my new second-
hand SBE SB1-IA linear boasted that he had 
keyed the unit at full power for over two 
minutes oft resonance without any damage, I 
was skeptical; when I looked inside, I wasn't 
surprised at what I saw—a full kilowatt input 
can raise havoc in two minutes. The enve-
lopes of the six 6)E6 lubes were discolored 
and bubbled, and subsequent tests indicated 
that only two of the tubes had any useful 
life left. 

My first task in getting the linear back on 
the air was a set of new tubes. Three weeks 
and $22 later, I had them; however, they 
weren't balanced—with power applied two 
or three of them would glow cherry red while 
the rest loafed along acting as parallel 
capacitors. Results: overheated tubes, poor 
efficiency and blown line fuses. A new set 
of factory-balanced tubes, a look at the sche-
matic and a few simple modifications solved 
the problems. 

The linear was originally built with the 
cathodes grounded and common bias fed to 
all six control grids. The circuit was simple 
enough, but there was nothing to cut off a 
tube if its idling current went over the normal 
50 mA. My initial modification was to install 
a 51-ohm, 2-walt, 5 percent resistor in each 
of the six cathode leads with as short leads as 
possible—each resistor bypassed with a ,02-/tF 
ceramic capacitor. Resetting the bias adjust-
ment brought the idling current back up lo 
the normal 300 mA. 

Since completing this simple modification, 
I have accumulated over 1000 operating 
hours on this set of tubes. They are not at all 
discolored, and recent tests indicated high 
emission and no internal shorts. 

R. L Wentworth, WA6DCW 

coaxial cable connectors 
Whenever I put a coaxial fitting on a piece 
of RG-18/U, I always seem to end up with a 
short circuit. At least one of the shield strands 
breaks, leaving a small piece to float around 
inside the connector until it shorts the whole 
thing out. A simple solution that works well 
on the high-frequency bands is shown in the 
photo. 

All you have lo do is saw two L-shaped 
slots in the reducing adapter (A in photo). 
Saw a slot down the center of the adapter 
almost to the threaded section with a hack 
saw; then saw or file a short notch at right 
angles to the main slot—do the same thing 
on both sides of the adapter. Tin the notches 
on each side with a hot soldering iron. 

Prepare the coaxial cable by pushing it 
through the adapter; strip off the outer 
jacket, unravel the shield and twist it into 
two leads opposite from each other. Slip the 
two pieces of twisted shield down the slots 
and solder them into the notch. If you've 
done a good tinning job, this shouldn't take 
too much heat. Now cut off the excess pieces 
of braid. With a little care and minimum 
solder, you should have no trouble screwing 
ihe adapter into the rest of the plug. 

Save a small section of the outer jacket -
about a quarter inch long. This can be pushed 
into the reducing adapter and fills up the 
space around the dielectric, providing final 
electrical isolation. The inner dielectric is 
stripped off 1/16 inch in front of the adapter. 
When soldering the inner connector to the 
plug, be sure to slant it downward to keep 
any solder blobs from running down inside 
and shorting everything out. 

Ted Woolner, WA1ABP 
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miniature receiver 
antenna tuner 

Most modern, high quality receivers have 
an input impedance of 50 ohms and are 
designed for use with matched, transmit-
ting-type antennas. Unfortunately, these 
receivers must sometimes be used with 
random-length wires. This often leads to in-
adequate performance, especially poor 
sensitivity and degraded image rejection. 

A simple antenna tuner can be used to 
correct this situation. A miniature tuner 
which will match a short high-impedance 
antenna to a receiver is shown in fig. 2, 
The version shown, which was suggested by 
a tuner built by K4BXO, has proved useful 
for matching 10-to-25-foot antennas be-
tween 10 and 30 MHz. Changing the type 
and size of core, number of turns, and 
tap positions will modify the impedance 
matching and tuning range. 

f 
w 
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fig. 2. Receiver antenna tuner for random 
length antennas. For the range 10 to 30 MHz, 
the coil is 35 turns no. 26 on 5/8" diameter 
toroid, tapped at 10 and 20 turns. 

The tuner can be built in a very small 
minibox, since few parts are required and 
those that are needed can be miniature 
ones. A toroid similar to the one I used is 
available from Amidon. A plastic-dialec-
tric variable capacitor from Lafayette is 
excellent for C1; its capacitance is not crit-
ical. I used a miniature Alco rotary switch. 

The tuner is very easy to use. Simply tune 
the capacitor through its range for each 
switch position. There should be a signifi-
cant improvement in signal strength and 
image rejection as this is done. If no im-
provement is noted, the antenna length or 
number of active turns on the core can be 
changed. 

Paul Franson, WA7KRE 

using dipoie antennas on 
non-harmonic frequencies 

There are cases where it's desirable to use a 
dipoie at frequencies on two bands which 
are not harmonically related. A good ex-
ample is the phone man who wants to use 
a single antenna centered on 3.9 and 7.25 
MHz. Since these frequencies are not har-
monically related, the operator resorts to a 
compromise arrangement that leaves some-
thing to be desired on both frequencies. 

Here's a system I use to obtain resonant 
operation with an off-center-fed Windom an-
tenna. I cut the antenna as a full-wave dipoie 
at 7.25 MHz as a starter; natural half-wave 
resonance is around 3.625 MHz. The resonant 
point is moved up to 3.9 MHz by the simple 
expedient of putting a fixed capacitor of the 
right value in the center. This is simple and 
can be used on non-center-fed dipoles oper-
ating on 10 and 15 meters or 15 and 20. 

To compute what size capacitor you need 
in the center, consider the antenna as an 
isolated single-wire transmission line operat-
ing above a ground plane. Although the 
characteristic impedance of this line can be 
computed from the formula 

138 log 111 
d 

where h is the height above ground and d 
is the diameter of the wire, an assumed value 
of 600 ohms is close enough for our purpose. 

The difference between a quarter wave-
length at 3.625 MHz and 3.9 MHz is 4.6 feet; 
at 3.9 MHz, this represents 6.55 electrical 
degrees. The reactance of 6.55 degrees of 
600-ohm line measured against a voltage 
node is 600 tan 6.55° or 69 ohms. Therefore, 
a 69-ohm capacitive reactance in series with 
each quarter wave will do the job; this is the 
same as 138 ohms in the center of the dipoie. 
At 3.9 MHz, this is 290 pF; either 270 or 300 
pF are close enough. A 1000-volt mica capaci-
tor will be more than adequate for a full 
kilowatt. 

To lower the frequency, the same approach 
may be used, but an inductance must be used 
as the reactive element. 

Henry Keen, W2CTK 
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for the ham builder 

Here's a bookful of circuits that can fit into 
the rig or accessory you're planning to build. 
Most of the circuits are simple ones, mainly 
for the Novice and Technician, but they'll 
suit almost anyone's operating ambition. 

There are couplers, mike amps, modu-
lators, monitors, filters, preamps, converters, 
receivers, transmitters, linears, a lot of acces-
sories and some test instruments. Many tube 
circuits are included for hams who haven't 
made the move to solid-state yet, but there 
are plenty of transistor circuits for those who 
have. The projects are comparatively inex-
pensive to build, and parts are easy to find 
for them. 

The author, Bert Simon, W2UUN, has put 
104 separate projects into this book. He tells 
you only briefly how to put each one together. 
There is not much instruction to help with 
layout or mechanical arrangement; the author 
has assumed the builder already knows the 
rudiments of putting together ham gear, 
dressing wiring, and so on. The circuits, how-
ever, are explained where necessary, and 
tuning-up data is included. 

This isn't a beginner's book, but the simpler 
Novice circuits don't require much experi-
ence. Ham Radio Projects for Novice and 
Technician; paperback $3.95; hardcover 
$6.95; C/L TAB Books, Blue Ridge Summit, 
Pennsylvania 17214. 

mobile manual for radio 
amateurs 

In case you, as I, have and use all of the 
ARRl publications, you may not have no-
ticed that a new edition (the fourth) of the 
ARRL Mobile Manual is out. The cover 
looks the same—though they've changed 
the photo—but the inside is completely dif-
ferent. Much has happened since 1962, 
when the last edition appeared, and the 
manual reflects it. Now the book is full of 
modern semiconductor equipment (and 
vacuum tubes where they are still needed) 
for all sorts of uses: receivers, transmitters 
and audio equipment, transceivers, ssb 
equipment, power supplies and test equip-
ment. Complete sections cover noise sup-
pression and the all-important antenna. 
Perhaps most interesting are the chapters 
devoted to portable gear, which has really 
come into its own lately. In addition, the 
text has been rewritten and reset, making 
an easy-to-read book you'll likely refer to 
often. Best of all, the price remains the 
same old $2.50. Anyone want an old mo-
bile manual? 

ic fundamentals and 
projects 

There are few things in modern electronics 
that rival the integrated circuit's influence in 
circuit design and application. This new book, 
written by Rufus Turner, covers the technical 
development of the IC, its general features, 
types and applications. In addition to an in-
formative discussion on how the IC is built, 
there are many inexpensive construction 
projects described, including a dc voltmeter, 
af-rf signal tracer, crystal-controlled frequen-
cy standard, high-gain preamplifier, and 
quarter-watt audio power amplifier. 75c post-
paid in the U.S.A. from Allied Radio Corpora-
tion, 100 N. Western Avenue, Chicago, Illi-
nois 60680. 
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The new SWAN 500-C 
5 band, 520 Watt 

SSB-AM-CW TRANSCEIVER 
The new Swan 500C offers you 
higher power, improved styling, and 
many new deluxe features, yet main-
tains the same high standards of 
performance, rugged reliability and 
craftsmanship that have become the 
trademark of the Swan Line. Backed 
by a full year warranty and a service 
policy second to none, we feel the 
Swan 500C will establish a new 
standard of value for the industry. 

$520 
SWAN 350-C $420.00 
SWAN 250-C (NEW MODEL) $420.00 

ACCESSORIES 
117XC AC/PS 
14-117 DC/PS 
14C DC MODULE 
VX-11 VOX 
lOOKc Xtal Cal. 

$105.00 
$130.00 
$ 65.00 
$ 35.00 
$ 19.50 

RECONDITIONED USED GEAR 
NINETY DAY GUARANTEE: 

Collins: 30L1 Linear 
Drake 2-C (New) 
SBE-34 
HT-46 Hallicraftors 

$375.00 
$199.95 
$300.00 
$225.00 

W A N T E D : 
WE BUY USED AMATEUR 

AND CB EQUIPMENT FOR CASHI 

LOTS OF GOOD CHOICE GEAR FOR SALE OR 
TRADE — WRITE FOR LATEST LIST. 
IN STOCK FOR IMMEDIATE DELIVERY, GALAXY , 
SWAN. S B E A N D DRAKE . 

k 
ELECTRONICS 

Phone CE 5*387 "THE COMPLETE HAM STORE" 
927 N W HI Oklahoma Cny. Oklahoma 7J1W. 

-WF. TAKE THAOF.-ISS O.V AU. 1.1SFS PF VKU" KOI ll'Mt \l 
TWO-WAY HAD/OS - SM.F.S • SK/n iCf. • JYSI M.I. W/OVN 

the radio amateur's vhf 
manual 
I've owned three copies of Ed Tilton's VHF 
Manual since it came out in 1965, and 
have worn out two of them. When it ap-
peared, almost every ham interested in vhf 
was grateful, and many who weren't be-
came so. Now Ed. VV1HDQ, QST's vhf editor 
and one of the two or three best-known 
ham vhf experts, has revised the manual to 
make it even better. The original edition 
appeared just when semiconductors killed 
receiving vacuum tubes for hams, so that 
version didn'l have loo much on transis-
tors. The new edition more than makes up 
for this lack. It contains a great amount of 
new material as well as the invaluable in-
formation that's made the VHF Manual a 
necessity among vhf'ers. The new edition 
costs only $2.50, and you couldn't make a 
better buy. Available the American Radio 
Relay League, 225 Main Street, Newington, 
Connecticut 06111. 

want to fix your own tv? 
There's now an easy way to learn how. A 
brand-new low-cost TV servicing/repair 
course, designed for the layman, is off 
the press at International Correspondence 
Schools; it's written by ham radio's roving 
editor, Forest H. Belt. 

It begins with the simplest things, like 
how to make adjustments and recognize 
lube troubles, and takes you all the way 
through circuit servicing. In the simplest 
terms you can imagine, it explains tran-
sistors and color TV as if they were no 
more complicated than a one-tube code 
oscillator. 

You're already familiar with editor 
Belt's easy-reading articles in ham radio; 
the new six-book course is written in what 
he tells us is his Easy-Read format. All of 
the books are profusely illustrated, and the 
two that go into color-TV servicing use full-
color pictures. 

The whole course is written so plainly 
that anyone who can read can learn to 
repair a TV set. For a ham, who already 
knows electronic basics, the course is duck 
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Low Cost 8:1/36:1 Vernier Dial 
Model MD-4 vernier dial permits fast tuning 
at 6 to 1 ratio over entire dial range with fine 
tuning at 36 to 1 ratio over any 6-division 
portion of the scale. Dial has 4 scales; 
measures 4%"Wx3%"H; escutcheon extends 
only in front of panel; net price $7.50. 

J.W. MILLER CO. 
5917 So. Main St.. Los Angeles, Calif. 90003 

AVAILABLE NATIONWIDE FROM 
DISTRIBUTORS AND MAIL ORDER HOUSES 

^ ^ N A T I O N A U N C X - 5 0 0 

WE ALSO STOCK ACCESSORIES FOR ABOVE 

For Addi t iona l Information, Writ* for 
our "Transceiver Portfol io" #73TR 

G o i n g Mobi le??? G o o d Mobiles G o 

W» stock compltte line of NEW-TRONICS Antennas, 

including the now "SUPER-HUSTLER". 

We maintain Ihe largest stock of used equipment 
in the Northeast — Engineering Department — Time 
Payment Plan available. 

WRITE FOR LATEST COMPLETE LIST 

soup. The section on servicing logic—called 
1-2-3-4 troubleshooting—lays out a tech-
nique that could be applied to ham gear 
or any kind of electronics. International 
Correspondence Schools, Scranton, Pennsyl-
vania 18515. 

silicon power transistors 

Motorola has announced a new line of 4-
ampere power transistors that combine high 
current, top efficiency and power-handling 
capability with economy prices. These new 
devices can be used in npn/pnp pairs to gain 
all the advantages of direct-coupled comple-
mentary symmetry circuitry. 

The exclusive Thermopad ™ construction 
results in low thermal resistance and mini-
mum derating in all chassis mounting appli-
cations. In addition, the compact package is 
simple to mount in virtually any place or 
position. The pnp devices of this new series 
are the 2N5190, -91, and -92; there pnp com-
plements are the 2N5193, -94 and -95, re-
spectively. For more information, write to 
Motorola Semiconductor Products, Inc., P. O. 
Box 955, Phoenix, Arizona 85001. 

handbook of 
semiconductor circuits 

If you're looking for ready-made transistor 
circuits, this new handbook contains 124 ex-
amples of standard transistor circuits, com-
plete with operational data for amplifiers, 
oscillators, logic and switching circuits and 
power supplies. All in all, a comprehensive 
source of well-designed examples of con-
temporary circuits. Since a design philosophy 
section is included with each group of cir-
cuits, this volume won't go out of date as 
new transistor types are introduced. Each 
circuit description includes any unique de-
sign or operational data along with a sche-
matic diagram; very helpful if you're working 
on transistor projecls in your shop—must 
reading for laboratory and engineering tech-
nicians involved in transistor design work. 
$7.95 from TAB Books, Blue Ridge Summit, 
Pennsylvania 17214. Zwut* RADIO 

BOX 893 CONCORD NH 03301 
FONE 603-225-3358 
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a second look 

How often do we hear that ham radio is be-
coming an old man's hobby? We aren't at-
tracting youngsters into our ranks at the rate 
that we should; the total count in most lower 
license categories is actually dropping. We 
need young people in amateur radio for 
many different reasons. Their enthusiasm and 
inquisitiveness have been responsible for 
much in the past and activities which tend to 
fall to our younger colleagues have been very 
important in conlinuing government support. 
Our hobby is well known as a technical train-
ing ground and obviously the younger peo-
ple gain the most. If amateur training can 
start future engineers and technicians on 
their way, we are all gainers. In times of 
emergency the backlog of technically trained 
radio operators has always been an impor-
tant national asset, but if this pool is all over 
40 it is of far less value. 

We need people who are willing to move 
quickly into new ground. Recent years have 
seen things such as the OSCAR program, 
Project Moonray and moonbounce. Who 
knows where we may head next? We'll need 
to be fast and adaptable, however, if we're to 
hold our vhf and uhf allocations against the 
communications technology of I he 70's and 
80's; and we had better have the manpower 
to do it I 

But I think there is something of even 
greater importance here: youlh has that 
wonderful energy which can accomplish so 
much when properly directed. We can always 
use this boost. New questioning of old ideas? 
It won't hurt us. The worthwhile traditions 
will survive while the outmoded will be re-
placed with more timely approaches. Re-
member that our hobby was started by young 
men who were willing to try something new. 

Many factors have slowed the influx of 
newcomers to our ranks. The ease of getting 
on the air via CB has taken recruits; our re-
cent political dissentions have surely cost us 

members. However I expect that we have 
been the biggest problem ourselves. I have 
been dumbfounded to meet would-be hams 
who have been unable to find any local help 
in obtaining a ticket and getting on the air. 
Some have actually been turned away by 
local hams and clubs. Unbelievable, but un-
fortunately, true. 

What can we do? Lead the way. Invite 
those young neighbors over and show them 
what it's all about; explain your equipment; 
let them have a shot at the mike. Let them 
know that the welcome mat is always out 
and that they are really wanted in amateur 
radio. If you have a local club, talk up a re-
cruiting and training program. You'll be the 
winner as you get some of the most enthusi-
astic members you ever had. 

Left to right: WA60N2, WN7UX and K0TFL. 

The picture shows Buzz MacDonald, 
WN7LIX, being awarded a Mosley Tri-band 
beam by Jack Mosley, K0TFL, of Mosley Elec-
tronics, Inc., and a Trt-Ex tower by Clyde 
Blyleven, WAGONZ, from the Tri-Ex Tower 
Company. What for? Because WN7LIX was 
the youngest licensed ham (age 9) at the 
SAROC convention in Las Vegas last January. 

We can't all give away beams and towers, 
but some of your old equipment mixed with 
a bit of patience and encouragement could 
go a long way towards giving our hobby a 
real boost. 

Skip Tenney, W2NLB 
Publisher 
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heterodyne 
transmitting mixers 

for 

six 
and 

two meters 

All you need is an 

80- to 10-meter exciter 

to participate 

in the fun 

on the vhf bands 

with these 

transmitter converters 
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The two units to be described were de-
signed primarily to get the average High-
frequency (80-10 meter) enthusiast off to a 
good start on the vhf bands wi th minimal 
cost and effort. They also provide interest-
ing and straightforward construction proj-
ects for those amateurs who, despite all 
the easy approaches, respect ham radio 
as a technical avocation. Today's ham 
who knows his way around is sure to gel 
more out of his hobby than the purchaser 
of commercially available boxes. Collect 
the necessary parts, put one or more of 
these units together wi th your own hands, 
adjust them properly, and you're off wi th 
tremendous satisfaction to explore the ex-
citing wor ld above 50 MHz. 

Both units are of readily duplicated 
printed wir ing board construction. Each is 
capable of producing about one watt of 
ssb or CW output, cither directly to an an-
tenna or as input to a higher-power linear 
amplifier. 

The 50-MHz satisfies the objective of us-
ing almost any existing 80-10 meter trans-
mitter as a basic rf source to generate 
signals at vhf, while retaining the operat-
ing convenience of the low-frequency 
equipment, such as vfo, upper or lower 
sideband selection, vox, PTT and break-in 
CW. II does so by accepting 7-MHz input 
and heterodyning it to the six-meter band. 
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Seven MHz input was selected because 
there are numerous single- and tri-band 
transceivers available, especially on the 
used market, at low cost. Also, this band 
represents a good compromise between re-
ceiver stability and freedom from undesir-
able transmitting-mixer output products. 

Unlike the six-meter unit, the two-meter 
mixer accepts a higher input frequency of 
50 MHz. tt wil l , therefore, produce two-
meter output when driven by six-meter in-
put. Hence, the six-meter mixer unit may 
be used directly to excite the two-meter 
mixer. You might then assemble the six-

newcomer in understanding just what vhf 
heterodyne transmitting mixers are and 
how they may be effectively integrated 
with existing equipment. It may even stim-
ulate some thinking on the part of "mister 
experienced" toward more sophisticated or 
improved station arrangements. Muting bi-
as and relay control lines are not shown, 
but are discussed briefly later on. 

50-MHz circuit design 
The six-meter mixer unit, fig. 2, starts out 

with a conventional triode oscillator, fol-
lowed by a tetrode buffer amplifier; both 

fig. 1. Typical hf/vhf 
rf switching system. 
Note that with the 
vhf converter output 
switched to receiver 
1, the high-frequen-
cy antenna is auto-
matically switched to 
the transceiver (re-
ceiver 2) by S2. 

meter unit first and consider the two-meter 
unit project later on. 

station layout 
Although many amateurs tend to con-

centrate on a single band and/or mode of 
operation, there's much to be said for sta-
tion versatility. With some foresight in sta-
tion planning, the hf/vhf enthusiast can 
incorporate several bands and modes with 
little difficulty, thus taking full advantage 
of existing 80-10 meter gear and newly 
added equipment. Fig. 1 outlines a typical 
combination hf/vhf station, showing major 
rf paths and switching. Whi le this block 
diagram is fundamental, it wi l l aid the 

stages use halves of a single 6U8. Oscilla-
tor output at 43 MHz is lightly coupled to 
the buffer, which reduces pulling effects. 
The buffer operates straight through on 43 
MHz with its output capacitively coupled 
to mixer grids. 

Two 5763 pentodes operate as a push-
pull balanced mixer, heterodyning 43-MHz 
oscillator injection with 7-MHz input for 
an output at 50 MHz. Note that the 5763 
control grids are driven in parallel, while 
the plates are in push-pull. This cancels 
the undesirable 43-MHz output product, be-
cause in-phase plate currents are pro-
duced at each end of the balanced tank 
circuit. Output at 43 MHz would otherwise 
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O*ZI0V (RES) 

43 MHz? 

OUTPUT 

C1 

C2 

L1 

L2 

LOCATED ON FOIL SIDE OF PC BOARD 

32-pF variable (E. F. Johnson 160-110) 

10-pF butterfly (E. F. Johnson 160-211) 

9 turns no. 24 AWG, close wound on 1/<" 
diameter slug-tuned form 

9 turns no. 20 AWG, air wound, W diameter, 
3/8" long 

BIAS 
-I8V TRANSMIT 

-I45V STANDBY 

+ 3OOV 

L5 4 turns no. 20 AWG, air wound, Vi" diameter, 
1/8" long 

RFC Ohmite 2-50 

Xtal 43-MHz third overtone (International Crystal 
type FA5) 

T1 toroidal transformer (see fig. 3) 

L3, L4 7 turns no. 20 AWG, air wound, W diameter, 
9/32" long 

fig, 2. Schematic diagram of the six-meter transmitting mixer. 

be prevalent due to its proximity to the 
output passband of the 50-MHz tuned 
circuit. 

Forty-meter excitation is applied in push-
pull to the 5763 cathodes. A miniature 
toroidal transformer w i th center-tapped 
secondary derives push-pull cathode drive 
from the unbalanced l ink-coupled input. 
Shunt bypass capacitors of 220 pF from each 
5763 cathode provide a low-reactance 
ground at both 43 and 50 MHz. These 
present a high reactance at 7-MHz and, 
therefore, have negligible effect on the 
broadband toroid transformer input. The 
50-MHz output is link coupled from the 
push-pull tank coil. 

High-voltage supply requirements are 
+ 2 1 0 V regulated at about 20 mA and 

+300 V at 50 mA maximum. The +210 
V may be obtained from two series-con-
nected OB2 regulator tubes. Filament volt-
age is 6.3 Vac at 1.95 amperes. Under 
transmit conditions, mixer control-grid bias 
must be held at —18 V and switched to 
—145 V for muting during receive or vox 
dropout periods. 

50-MHz mixer construction 
An etched circuit board measuring 4 by 

5 inches serves as a chassis for the six-
meter unit.* It should be made from 1/16-

* Complete circuit boards etched, solder-tinned, and 
dri l led are available from Stafford Electronics, 427 
So. Benbow Road, Greensboro, North Carolina. Order: 
6M-11 (six meters) and 2M-11 (two meters); prices: 
$4.10 and $5.75 each respectively. 
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inch thick epoxy copperclad stock. Three 
0.104-inch-diameter holes are drilled along 
each longer board edge for mounting pur-
poses. Drill two holes of the same diameter 
for the crystal socket. Tube socket holes 
are 0.067-inch diameter. The two minia-
ture variable capacitors require 1/4-inch 
holes, while the slug-tuned coil-form hole 
is 11/64-inch diameter. All remaining holes 
may be drilled 0.040-inch diameter for 
coil, resistor, and capacitor leads. 

Wire size and turns data for all coils 
are listed; L2, L3, L4 and L5 must be tight 
wound, using a mandrel of slightly less 
diameter than the coil size. A drill bit is 
handy for this purpose. Coils are then as-
sembled to the PC board and coated with 
clear nail polish, or other dope, to retain 
mechanical stability. Details for the toroi-
dal input transformer are given in fig. 3. 
It, too, is held in position on the PC board 
by its own leads. 

Miniature 50-ohm coax such as RG-
174/U is recommended for rf input and 
output connections to reduce stress on PC 
board copper strips. While this coax has 
adequate power capability, it should be 
used only for very short runs to avoid loss 
at 50 MHz. 

Five capacitors, with short leads, are 
soldered to the foil side of the board. 
These consist of two 0.002-^F 5763 screen 
bypass capacitors, two 220-pF 5763 cath-
ode bypass capacitors, and one 15-pF os-
cillator plate tank capacitor. 

Tube sockets are all 9 pin and should 
be the low-loss mica-filled type designed 
for 1/16-inch thick PC board mounting, 
such as Cinch-Jones type 9 PC or equival-
ent. Component location may be deter-
mined quite easily by examining the photo-
graphs and the schematic. The entire PC 
board should be cleaned of rosin after 
soldering. 

Full size printed-circuit-board layout for the six-meter converter. 
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adjustment and operation of the 
50-MHz mixer 

Using a grid-dip oscillator, preset the 
oscillator coil slug and buffer stage plate 
variable capacitor for a resonance of 43 
MHz. Preset the mixer plate butterfly vari-
able for an output tank resonance of 50 
MHz. Insert a 43-MHz third-overtone crys-
tal, apply 6.3 Vac filament power, and 
temporarily connect +210 V to oscillator 
and buffer amplifier stages through the 
100-ohm decoupling resistor. Quickly ad-
just L1 for oscillation and L2 for maximum 
output, as indicated on the grid-dip meter, 
which has been switched to its wavemeter 
operating mode. Optimize crystal oscilla-
tor operation by turning the L1 slug until 
oscillation ceases, then turn in the opposite 

When the system responds properly to 
the setup procedure, you're ready to pro-
duce 50-MHz output from 7-MHz input. If 
more than one watt of drive is available 
(and it usually is), a pad must be con-
nected between the low band transmitter 
and toroidal transformer input link. In my 
case, an 5B-1Q1 was used as an exciter. 
This produced about 100 watts output on 
40 meters and is probably typical of most 
exciters. A suitable pad for this power level 
is shown in fig. 4. 

ioow 
TMHr 
INPUT 

13 83 
SOW sow 

-wv vw— i rum output 
to mxert 

uwwox 

3.3 
ew 

m 

CORE: FtRHOXCVBE 4CJ 
3/8'OD, 3/18" 10, l/B'H 

fig. 3. Toroidal Input transformer for the 6-meter 

transmitting converter. Both tho primary and sec-

ondary windings are wound around the full circum-

ference of tho core. Windings N2 and N3 are wound 

in the same direction. Start of N2 Is connected to 

finish of N3 to form center tap. Toroid core is Ferrox-

cube 4C4, 3/B" OD * 3/16" ID x 1/8" high. 

direction until the circuit just snaps into 
oscillation. 

Now connect the —18-volt bias, +210-
volt screen, and +300-volt plate supplies 
to the 5763 mixer stage. A small plate 
current should be evident, measured in se-
ries with the +300 volt supply line. Read-
just buffer tank L2 for maximum mixer 
plate current. This should read about 15 
mA. Check system stability by removing 
the 43-MHz crystal. Mixer plate current 
should drop to near zero. Reinserling the 
crystal should promptly restore the 15-mA 
current. 

f ig. 4. A 100-watt pad for 7-MHz 

mixer drive. 25-ohm resistors are 

Ohmite type 210-50; 3.3-ohm re-

sistor is throe 10-ohm, 2-watt re-

sistors in parallel. 

With all supply voltages applied and the 
40-meter source connected, carefully in-
crease 7-MHz drive until the wavemeter, 
held close to the push-pull mixer plate 
tank, indicates 50-MHz output. Peak the 
butterfly variable capactor for maximum 
output. Again, check stability by reducing 
7-MHz drive. The 50-MHz output should 
correspondingly decrease. 

Connect a dummy load to the output 
link. With the load applied, tune the but-
terfly variable for maximum output, as 
indicated on an in-line forward power me-
ter, Increase 7-MHz drive until no further 
increase in 50-MHz output occurs. Peak 
excitation on ssb should be limited to a 
level slightly below the above condition to 
resolve maximum output consistent with 
maximum linearity. 

Connect your antenna, tune in a sta-
tion, and establish contact. You'll be 
amazed at the results with only one watt 
output. 
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OOUBLER 9*»Hi 

63 VAC 
O LOCATED ON FOIL SIX 

Of PftlNTED CIRCUIT BCUPO 

ft? r h m 

C1,C2 miniature 8.5-pF butterfly (E. F. Johnson 
189-253-5) 

C3 10-pF butterfly (E. F. Johnson 160-211) 

LI 8 turns no. 20 AWG Formvar, air wound, 
3/8" diameter, tightly wound (note posi-
tion relative to L8 and L9 in photograph) 

L2, L3 11 turns no. 20 AWG Formvar, air wound, 
3/8" diameter, tightly wound 

L4, L5, L6 5 turns no. 16 AWG tinned copper wire, 
air wound, 3/8" diameter; turns spaced 
one-half wire diameter 

L7, L8 4 turns no. 16 AWG tinned copper wire, 

air wound, 3/8" diameter; turns spaced 
1 wire diameter 

L9 2 turns no. 16 AWG tinned copper wire, 
air wound, 3/8" diameter; spaced 1 wire 
diameter 

L10 9 turns no. 20 AWG Formvar, close wound 
on Vi" diameter slug-tuned form, tapped 
3 turns from cold end 

L11 2 turns no. 20 AWG on cold end of L10 

RFC Ohmite Z-144 

Xtal 47-MHz third overtone (International Crys-
tal type FA5) 

fig. 5. Schematic diagram of the two-meter transmitting converter. Printed circuit boards are available for 
$5.75. 

144-MHz circuit design 
The two-meter mixer unit uses one-half 

of a 12AT7 as a conventional triode os-
cillator, using a 47-MHz third-overtone 
crystal (fig. 5). Oscillator outout is induc-
tively coupled to the push-pull tuned grid 
circuit of a 6360 push-push doubler stage. 
Wi th push-pull connected grids and paral-
lel plate circuit, it doubles efficiently to 94 
MHz, whi le canceling the 141-MHz third-
harmonic product. Addit ional 144-MHz 
tuned circuits are therefore not required 
(as in other circuits) to reject 141 MHz 

from the two-meter output passband. The 
94-MHz mixer injection is inductively 
coupled to push-pull grids of another 6360 
operating as a balanced mixer. 

In contrast to the six meter unit, both 
grids and plates may be push-pull con-
nected, because the 94-MHz injection sig-
nal is sufficiently removed from the de-
sired 144-MHz output frequency. The 50-
MHz excitation is applied through simple 
link coupling to a single-ended cathode in-
put. Again, a push-push condit ion exists, 
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which cancels both 50 M H z arid third-
overtone 150-MHz products from the mixer 
output. A link is provided for coupling 144-
MHz output to antenna or linear am-
plifier. 

Power supply requirements are similar to 
those of the six-meter unit, being -f-210 V 
regulated at only 8 mA, + 3 0 0 V at about 

socket pin holes are 0.067-inch diameter. 
Holes for the three miniature variables are 
1/4-inch diameter. Dril l an 11/64-inch dia-
meter hole for the slug-tuned coil form, 
centering it within the ring designated on 
artwork. Mounting holes for free-standing 
coils L4 through 19 are 0.066-inch diam-
eter, while all remaining holes for L1, 

110 mA maximum, and 6,3 Vac at 1.94 
amperes. The same —18 V/—145 V bias 
is also used for transmit and muting. As a 
practical matter, the power supply should 
be capable of supplying both the six- and 
two-meter units. 

144-MHz mixer construction 
The etched circuit board for the 2-meter 

unit is slightly larger than that for the 

six-meter model, measuring 4 inches wide 

by 6-5/8 inches long. Again, 1/16-inch 

thick epoxy glass, copperclad material is 

recommended. Ten 0.104-inch diameter 

holes are drilled along the edges for 

mounting parts, four on each side and one 

on each end. The crystal socket requires 

two additional 0.104-inch holes. Tube-

12 and L3, choke, resistors, capacitors, 
and filament jumper wires are 0.040-inch 
diameter. 

Coils L4 through L9 are air wound, using 
wire diameter spacing between turns. L1, 
L2 and L3 are tight wound and secured 
with coil dope. Oscillator plate coil L1 is 
mounted vertically between L2 and L3 to 
optimize coupling. Several components, in-
dicated with an asterisk on the schematic, 
are mounted on the foil side of the circuit 
board. PC type 8.5-pF variables are sol-
dered directly to appropriate foil areas, 
using care to maintain physical balance 
at the push-pull grid circuits. The 20-pF 
capacitor is soldered directly across the 
slug-tuned coil-form end terminals. 

A short length of RG-174/U 50-ohm coax 
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may be used for the 50-MHz input connec-
tion, but larger type RG-58/U is recom-
mended for the output connection. Here 
again, avoid long runs, especially at 144 
MHz. If long runs are required, step up to 
larger coax, using only a few inches of 
smaller cable for board terminations. 

Examination of the photographs and the 
schematic will aid construction. Clean the 
entire board after assembly. 

adjustment and operation of the 
144-MHz mixer 

Preset the 12AT7 oscillator plate and 

6360 doubler grid tank circuits to 47-MHz, 

using a grid-dip oscillator. These circuits 

are rather tightly coupled due to the prox-

imity of their coils. Resonance of each cir-

cuit can be more readily recognized by 

temporarily loading the tank circuit not 
under adjustment with a 1000-ohm resis-

tor. The unloaded circuit will exhibit a 

higher Q and therefore resolve a more 
pronounced meter indication. The 6360 
doubler plate and mixer grid tank circuits 
may be preset to 94 MHz, using the same 
procedure outlined above. Next, preset the 
mixer plate/output tank to about 145 M H z 
and the slug-tuned input coil to 50 MHz, 

Insert a 47-MHz third-overtone crystal, 
apply 6 3 Vac filament power, and connect 
-(-210 V to the oscillator stage through the 
470-ohm decoupling resistor. Adjust the 
variable capacitor quickly for 47-MHz os-
cillation, as indicated on a wavemeter. 
Next, apply + 3 0 0 V to the 6360 doubler 
plates and screen grids. With the wave-
meter set for 94 MHz, adjust the doubler 
plate variable capacitor for maximum in-
dication. Readjust the doubler grid butter-
fly capacitor (on foil side of board) for 
maximum 94-MHz plate-tank output. 

Temporarily connect a 4.7k-ohm resistor 
between the cold end of the 15k-ohm mixer 

Full size printed-circuit-board layout for the two-meter converter. 
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grid resistor and ground. Do not connect 

the +300 V plate/screen supply lo the 

6360 mixer stage at this time. With a vtvm 

connected between ground and the junc-

tion of the 15k- and 4.7k-ohm resistors, re-

connect the +210 and +300 V supply to 

the oscillator and doubler. Carefully peak 

the doubler grid, doubler plate, and mixer 

grid variables for maximum negative volt-

age indication on the vtvm. Optimize crys-

inserting the crystal should promptly re-

store the 40-to 45-mA level. 

A Heath Sixer (HVV-29) makes an ideal 

50-MHz source for driving the two-meter 

mixer board, especially during initial set-

up and trial operation. (In my case, the 

output from a Gonset 6-meter Communica-

tor was padded down to produce about 

one watt of drive.) 

With all supply voltages connected, ap-

Two-meter transmitting converter. 

tal oscillator stage operation by adjusting its 

plate tank variable until the circuit just 

snaps into oscillation as with the six-meter 

unit. 

Remove the temporary 4.7k-ohm resistor, 

and connect all supply voltages, including 

—18-volt bias. The 6360 mixer combined 

plate and screen current should be 40 to 

45 mA. If this current level is not achieved, 

carefully repeak all preceding tuned cir-

cuits for maximum mixer plate current. 

Check circuit stability by removing the 47-

MHz crystal. Mixer plate/screen current 

should drop immediately lo 4 or 5 mA. Re-

ply 50-MHz drive, and observe 144-MHz 

output with a wavemeter held close to the 

6360 mixer push-pull plate coil. Peak the 

butterfly variable capacitor for maximum 

144-MHz output. The 144-MHz output 

should disappear when 50-MHz drive is 

removed. 

Connect a dummy antenna lo the out-

put link. With 50-MHz drive applied, tune 

the stage for maximum output, using an 

in-line forward power meter. The two-

meter unit will produce a reasonably good 

a-m signal when diiven directly by a 

Heath Sixer or equivalent. Connect the an-
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tenna, call a local friend on the phone, 
and arrange to have him listen for the 
signal. If you have previously constructed 
the six-meter mixer unit, substitute its out-
put for the a-m drive and get a report on 
two-meter ssb. You'll be pleased with the 
results. 

notes 
The value of adding a linear power 

amplifier stage between mixer output and 
antenna will soon be appreciated after 
initial experimentation with only one watt 
output. There are several constructional 
routes you might take. I assembled a corn-

switch should be included in the six-meter 
model for shifting 50-MHz output either to 
the input of a linear amplifier, or to the 
two-meter mixer unit input. More elabo-
rate switching could be used to apply only 
6.3-V filament power to sections of the 
system in immediate use. 

A simple bias supply (fig. 6) may be 
provided by connecting a small 6.3-V fila-
ment transformer backwards to the fila-
ment line and rectifying the 117-Vac out-
put of the primary winding. 

Relay contacts may be spare contacts 
on the low-band transmitter. When in 
nonenergized "receive" position, the zener 

fig. 6. Bias supply for the 
two transmitting converters. 

IOO itteoTO 

SMALL 
FILAMENT 

TRANSFORMER 

—18 V xmn 
- / 4 5 V STANDBY 

RELAY 
CONTACTS 

plete six- and two-meter unit, including a 
100-watt linear amplifier stage for each 
band, on a single chassis. The chassis was 
then enclosed in a modern-styled cabinet 
that matched the color schemes of existing 
station equipment. 

As an alternate solution, you could 
combine a single mixer PC board with a 
linear output stage on a chassis. An 829B 
makes an excellent amplifier when oper-
ated class AB t at + 8 0 0 V plate, +210 V 
(regulated) screen, and about —22-V grid 
bias. Many simple 829B amplifier circuits 
are in vhf handbooks and magazine art-
icles. A standard 3x5x10-inch chassis offers 
ample space for mounting the six-meter 
mixer and 829 output stage, while a 
3x5x13-inch chassis would nicely support a 
two-meter version. 

If eventual construction of both six- and 
two-meter mixer units is contemplated, a 

* Or, 50 MHz plus 28 MHz, 78 MHz, for better sup-
pression of spurious signals. Editor 

is ungrounded and has no control, allow-
ing the bias line to assume full —145-volt 
potential for muting. In "transmit" posi-
tion, the relay contacts switch the zener 
circuit to ground, establishing proper - 1 8 -
V operating bias level. 

Although I chose 7-MHz input for the 
six-meter heterodyne mixer and 50-MHz in-
put for the two-meter version, other fre-
quency combinations are possible. It's only 
necessary to change injection oscillator 
crystal frequency and re-resonate oscilla-
tor and buffer (or doubter) tank circuits 
appropriately. As an example, consider 10-
rather than 40-meter input for the 50-MHz 
mixer. The 28-MHz band has long been a 
favorite of vhf'ers, because it offers wider 
frequency coverage and reduced receiver 
feedthrough. In this instance, the crystal 
would be changed to 50-minus 28-MHz, or 
22 MHz.* Oscillator/buffer stage plate cir-
cuits would then be tuned to the same 
frequency. 

ham radio 
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a programmable 
repeater 

identifier 

You can 

ragchew all day long 

and let this 

solid-state system 

automatically 

identify 

your station 
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During the past year a number of people 
have offered ideas on the design of a CW 
code generator using transistors and logic 
circuits. There were two major drawbacks 
to the systems proposed. First, it was not 
possible to program the C W circuit to pro-
vide a variable format that could be 
changed easily; second, the construction of 
such a device required the builder to know 
how to design diode matrices or other 
more sophisticated circuits. 

The devices described here eliminate all 
these undesirable characteristics and al-
low anyone to construct his own solid-state 
repeater identifier or C W code generator. 
I'll describe the complete repeater identi-
fier, including its electronic clock and as-
sociated control circuit. Those who are in-
terested only in the CW code generation 
technique may skip down to the part titled 
memory planes. 

basic chassis 
This is the main chassis of the unit 

shown in the photographs and in fig. 1. It 
contains the power supplies, card plugs, ex-
ternal connectors and interface circuits for 
interconnecting the cards. A 12-volt lamp 
and a push-to-test button are on the front 
panel. Jacks J1 and J2 are eight-pin octals 
that connect the repeater transmitter and 
command decoder.1 K1 is a small 10k ohm 
sealed relay. 
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memory planes 
These are Vector cards that store the 

morse code letters. They consist of numer-
ous one-shots in series, each one triggering 
the next in line as shown in fig. 2. A diode 
attached to every other collector forms a 
keying line that turns the tone oscillator on 
and off. The amount of time the one-shot 
is off is determined by the time constant at 
its base. By varying the value of R, as 
shown in the C W generator drawing, you 
can select various band lengths.2 The I k 
ohm series resistors keep the gain of each 
stage down to prevent oscillation. The 
transistors should be npn silicons with 
betas of around fifty. While this sounds like 
a lot of transistors, bear in mind that the 

longest calls, such as 'DE WA6XXX,' require 
only fifty-two transistors. In quantities the 
prices are quite reasonable. 

The big advantage is that by selecting 
the proper resistor values the code is 
chosen. The resistors could be mounted on 
a separate plug-in card and the code 
changed by changing cards. 

logic plane 
This card is the heart of the identifier. 

It provides all the control, audio, and key-

ing functions. For clarity the schematic of 

this card has been divided into several 

sections. Each can best be understood by 

also referring to the block diagram (fig. 3). 

The keying line output from the memory 

fig. 1. Basic chassis contains the power supply, card plugs and interface circuits. Pins on the right mate with 
pins on the logic card. 

FILTER 
motxR 

CW * 

GENERATOR KEY LINE 
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START H f - K— - H f - HK r I '- Hf 

O 
TRIGGER 

CHARACTER BAUDS R 

DIT 1 3 3* 
DAH 3 toot 
TIC 1 33 k 

SPACE 3 (00* 
BLANK 7 220k 

BLOCK HO. 

IXODES ON EVEN 
SQUARES ONLY 
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I I ' , I I I j_!_ 

3 * 3 6 

fig. 2. First eight stages of the CW generator or memory shown here generate the letters, "DE ," as shown on 
the output wavetrain. Each of the boxes contains the simple transistor circuit shown. The length of the CW 
character generated by the circuit is determined by the size of the resistor R. 

planes switches Q5 and Q6, which turn the 
audio on and off, fig. 4. Q1-Q4 make up a 
conventional oscillator. The 1k ohm po-
tentiometer controls the output level. Suf-
ficient audio power is available to drive 
almost any transmitter. 

clock 
The clock (fig. 5) establishes the ten-min-

ute intervals necessary to fire the identifier. 
A 60-Hz, half-wave signal from one side of 

the power supply rectifiers is squared by 
Schmidt trigger Q23 and Q24 and applied 
to the clock input. The clock divides the 
line frequency by 36,000 to produce one 
pulse every ten minutes at point B. Q18 is 
the reset transistor, which allows the clock 
to be synchronized to ten-minute intervals. 
By listening to WWV while holding pin 4 of 
the output plug to ground and releasing it 
on the time mark, you can set the clock to 
ten-minule intervals on the hour. Using a 

fig. 3. Logic plane is the heart of the unit: circuits are shown in figs. 4, 5 and 6. 
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Plug-in cards for the identifier: two memory cards on the left generate Morse characters; logic card on right 
provides tlio control, keying and audio functions. 

command from the command decoder al-
lows the clock to be synchronized from a 
remote station. 

access-control gate 
This circuit is shown in fig. 6. The output 

pulse, at ten-minute intervals, drives Q16, 
which turns on the relay timer/driver com-

posed of Q7-Q10. This closes the relay, 
which holds the transmitter on, and also 
provides the trigger pulse that starts the 
identification cycle. The one-second output 
from the clock is used to flash the lamp on 
the front panel at one-second intervals 
through Q l l - Q l l . 

Point A is the takeoff for the one-second 

fig. 4. Audio oscil lator and keying circuit. 
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pulses. Q14 and Q15 are inhibit gales I lint 
prevent access to the trigger circuit from 
external sources such as the push-to-test 
button or the external keying input. There 
are only two limes when it's necessary to 
prevent triggering the memory unit: first, 

when the identifier is cycling through it's 
sequence and, second, when the identifier 
is approaching a ten-minute interval on 
its clock. 

The diode from pin 11 of the card plug 
clamps the inputs during cycling. The four 
diodes attached to Q14's base resistor sam-
ple the clock and clamp the inputs ten 
seconds prior to clock firing. At the same 
time, this clock-inhibit signal holds the 
panel lamp on constantly as an external 
signal to alert an observer. 

mechanical considerations 
Repeater equipment requires a lot 

more attention to detail than most 
amateur equipment. It functions in a re-

Insidc view of the C W identifier showing the 
three plug-in cards on the left and power sup-
ply io the right. Tho aluminum frame is mode 
from do-it-yourself angle stock. B N C con-
nectors are for audio and control functions. 

fig. 5. C lock for the logic board derives its input from the 60-Hz line. Integrated circuits are Fairchild 995B59's 
although other I C ' s may be used; divide ratios for each IC stage are shown. 
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fig. 6. Access-control gate is used to start everything rolling at 10-minute intervals. 

m o t e area w h e r e access is usual ly t ime-

c o n s u m i n g a n d b o t h e r s o m e . T h e e n v i r o n -

m e n t under w h i c h it operates is general ly 

m o r e host i le to sol id-state e q u i p m e n t than 

a h o m e or h a m shack and often produces 

c o n d i t i o n s totally unant ic ipated. For these 

reasons y o u s h o u l d use care in construct ing 

the identif ier, and c o n s i d e r a b l e attention 

s h o u l d b e pa id to detai l . 

N u m e r o u s filter c ircuits are used to re-

m o v e transients a n d rf, w h i c h w o u l d other-

wise cause erratic t r igger ing a n d o p e r a -

t ion. T h e photographs s h o w the extent to 

w h i c h s h i e l d i n g was e m p l o y e d as a pre-

c a u t i o n against the intense rf f ields f r o m 

the repeater's transmitter. A l l input-output 

l ines are f i ltered, i n c l u d i n g the 110-volt 

p o w e r l ine. 

Extreme temperature var iat ions are an-

other p r o b l e m m o r e cr it ical wi th transis-

tor i zed e q u i p m e n t . A l t h o u g h this unit was 

heated in an o v e n a n d c o o l e d in a refrig-

erator to test its range of temperature tol-

erance, I r e c o m m e n d it be instal led w i t h 

adequate vent i lat ion a n d wi th no heat-

p r o d u c i n g e lements direct ly under it. T h e 

best m e t h o d is to g ive it a r igorous test be-

fore instal l ing it at y o u r site. 

Even after try ing everyth ing I c o u l d th ink 

of to make my identif ier act up, s o m e t h i n g 

totally unant ic ipated forced m e to go up 

to the site a n d get it for modi f icat ion. A l l -

in-al l , however , the p r o b l e m s w e r e minor 

and quite easy to correct. T h e unit func-

t ions quite we l l n o w and s h o u l d be in ser-

v i c e for a long t ime to c o m e . 

references 
1. John Connors, W6AYZ, "Amateur VHF FM Opera-
tion," hum radio, June, 1960, p. 42. 
2. "Keying Speeds," Radio Amateur's Handbook, 
ARRL, 1964 edition, p. 253. 
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to clip 
or 

not to clip? 

That's the 

question-

and here 

are some 

provocative answers 

Some of the amateur phone signals indi-
cate that speech compressors and clippers 
aren't necessarily the answer to good com-
munication. This article attempts to dem-
onstrate that, under certain controlled con-
ditions, speech compression and clipping 
will increase the weaker voice compo-
nents. It further shows that when these de-
vices are not used properly, a penalty is 
incurred in the form of noise. Noise is de-
fined as an extraneous by-product of radio 
transmitters that causes interference to 
other amateurs. Also, the article shows 
that if the peak power of ssb transmitters 
is limited with speech clipping, the ama-
teur regulations can be violated by exceed-
ing the legal average input power limit. 

g speech compression 
5 Years ago, an aviation engineer in mili-
•2 tary service said that at least four avia-
o tors jumped out of their aircraft as a re-

^ suit of misunderstanding something said to 
them over a radio circuit. While this may 
not happen to amateur operators, the de-

§ sire is great for intelligibility of signals at 
„ distant points. 

Bell System engineers state that the dy-
x namic range for voice communication is 
M 20 to 30 dB. A considerable amount of the 

v 

^ received intelligence depends upon the 
^ weaker parts of the voice wave. This range 
c above the inherent circuit noise normally 

is necessary. 
(3 Several decades ago the compandor 
3; was developed to reduce this limitation. 
LU The compandor compresses the audiody-
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namic range before much noise is present 
and expands it again at the receiving end 
after transmission over a long circuit sub-
ject to noise. The combined action thus 
corrects most of the distortion created oy 
the compression of the amplitude range at 
the sending end. 

Compression of amplitude range might 
be pictured as in fig. 1. Here, an amplifier 
that is nonlinear above a point about 
equal to the lower amplitude components 
of the voice range will predistort and com-
press the range of the peaks above this 
level. The lower-amplitude components re-

Some form of indicator can be used, in-
stead, to maintain a standard voice level. 

One disadvantage of the integrated-
waveform compressor is the tendency for 
hum, wind (breath) noises, blower, back-
ground noise and even tube noise to in-
crease during pauses in speech.4 It causes 
some operators to hurry their speech, which 
is then difficult to interpret. This form of 
compression results in a sharply rising 
noise level after speech ends and before 
the VOX or push-to-talk circuit cuts off the 
transmitter. It often sounds like interfer-
ence. 

JMPLIFtCP INPUT 

main at the same level above the noise. 
This performance is not greatly different 
from filtered audio clipping, which at-
tempts to do the same thing by clipping 
the peaks and then rounding them by fil-
tering the high frequencies generated in the 
process. Either of these operates on a cycle-
to-cycle basis.1 

Another type of compression is much 
more common. It operates on the inte-
grated audio waveform principle, having 
an effect similar to automatic gain con-
trol. Its advantage comes from keeping the 
gain at some predetermined high level, 
even when the mouth is turned from the 
microphone. Its benefits are small .1-2-3 

single sideband 
A peculiarity of ssb is that occasional 

peaks are generated. 3 The accepted 
theory is that, if these peaks are reduced 
in amplitude by rf clipping and filtering, 
they permit the audio level of the weaker 
voice components to be increased without 
greatly reducing the intelligibility, because 
the peaks contribute little to the intelligibil-
ity.5 At a distant receiver where the noise 
level may be close to that of the lower-
amplitude voice components, intelligibility 
may have suffered considerably. An in-
crease in audio may improve the recep-
tion more than distortion causes it to 
deteriorate. 
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This might be depicted as in fig. 2. The 
weaker voice components are in the noise 
at the distant receiver whereas with the 
same peak level, clipping may allow the 
weaker components to increase at the 
transmitter. Then they will be above the 
noise at the receiver. 

local interference 
This rationale overlooks the interference 

that may be generated locally, which may 
cover the entire band. Some amateur sig-
nals indicate that many transmitters 

were modulated 100 percent with noise, 
after which the voice simply punched holes 
in this noise. A later inspection of a main-
tenance activity disclosed that the original 
Collins design was being produced by other 
manufacturers. The Collins technical note 
was not being distributed to all who should 
have it to prevent the accidental setting of 
the audio gain at a too-high level. 

A later study of ground/air communica-
tions by the Naval Research Laboratory 
indicated aircraft radio sets were only 25 
percent intelligible on the average, and de-

StGNAL 
PEAKS 

RECEIVER 
NOISE 

o o 
fig. 2. Signal received at a distant receiver when (A) clipping allows transmitter power on lower voice com-
ponents to be increased, assuming that this brings the weaker parts of the voice above the noise. In B the 
receiver noise is above the lower voice components. 

should not use either compressors or clip-
pers, at least as they're used at present. 

A local amateur told me, "If you don't 
use a clipper, you're not up to the state of 
the art." This latter term is used in section 
97.73 of the amateur regulations: "The fre-
quency of the emitted carrier wave shall 
be as constant as the state of the art per-
mits." The implication is that not only 
shall the carrier wave frequency be as con-
stant as the state of the art permits, but 
distortion products shall be eliminated in 
accordance with " . . . good engineering and 
good amateur practice" (from section 97.77). 

intelligibility 
During the invasion of Okinawa, I was 

impressed with the intelligibility of air-
craft radio signals. A scope showed they 

pended upon redundancy (familiarity with 
what probably would be said) for commu-
nication. This was largely due to the im-
proper setting of the gain control, which 
produced excessive noise in the output. 
The report also showed the ground stations 
were only 50 percent intelligible during 
carefully controlled tests. To keep modula-
tion at high levels, they were using com-
pression plus some clipping. When this was 
turned off, the problem disappeared. 

an example 
When an amateur ssb signal swings an 

s-meter up, and the meter doesn't vary 
more than 20 or 30 dB between words, 
noise is being transmitted, which causes 
interference. This is not necessarily radi-
ated beyond the passband of the trans-
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mitter filter, but a noisy signal is being 
radiated that can interfere with the whole 
band locally, and with communication be-
tween other stations on approximately the 
same frequency. 

Let's say X is talking to Y on low power, 
some distance away from Z, and not in-
terfering with Z. But Z's noise may well 
prevent Y from hearing X. X's signal at Y 
might look like fig. 2a when Z is off, and 
like fig. 2b when Z is transmitting. This is 
not desirable and should be avoided as 
unnecessary to Z's communication. 

Oscilloscope observation of some of the 
compressed or clipped signals shows that 
the voice is punching holes in the noise just 
as the Okinawa aircraft sets did nearly 24 
years ago. Others are clean, allowing 
weaker signals to be heard through a 
louder one. Sometimes, a rare station 
stops transmitting, after which so many 
call him that the band sounds like es-
caping steam. This has been attributed to 
the large number of stations calling, but 
may well be the result of a single trans-
mitter that's producing noise. A New Zea-
(ander once tried to describe this condi-
tion diplomatically to an East-Coast sta-
tion one evening when a breaker said, "He 
sounds like a one-man pile-up!" At that, 
the ZL nearly blew a fuse! 

peak power 
Some operators are impressed with the 

higher average plate current that results 
from the use of a compressor or clipper, 
thinking that the higher current results 
from the voice. This isn't necessarily so. Al-
so, the legal limit will be exceeded unless 
the power is reduced when this occurs. 
Tests with and without a clipper are diffi-
cult to control on a truly comparative basis, 
so a report of a better signal with the 
clipper may be only the result of an illegal 
power input. 

A single sideband transmitter can put 
out considerable power without even mov-
ing the plate-current meter above the static 
level, because the meter time constant 
won't respond to transients (noise pulses 
and shot noise, for example). If a com-
pressor or clipper causes the piate current 

to rise without voice modulation, clearly 
the compressor or clipper is not operating 
properly and is modulating the transmitter 
with noise. 

A single-sideband transmitter can put out 
considerable power even without moving the 
plate current meter above the static level. The 
meter may move as little as 6 dB from the 
static level to the point coinciding with 1kW 
output. Therefore, between words, the driv-
ing power should be far less than that which 
would just start to move the meter. If a 
compressor or clipper causes the plate cur-
rent to rise without voice modulation, clear-
ly the compressor or clipper is not operating 
properly and is modulating the transmitter 
heavily with noise. 

references 
1. W. K. Souires and E. T. Clegg, "Speech Clipping 
for Single Sideband," QST, Vol. 48, No. 7, p. 11, 
July, 1964. 
2. Wilfred M. Scherer, "The Waters Model 359 
Comprearrp," CQ, Vol. 21, No. 2, p. 43, February, 
1965. 
3. William Sabin, "RF Clippers for SSB," QST, Vol. 
51, No. 7, p. 13, July, 1967. 
4. Sydney H. Moate, "An Audio Peak Limiter for 
Voice Transmission," QST, Vol. 49, No. 8, August, 
1965. 
5. "RSGB Handbook," Third Edition, p. 278. 
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"Why, hello Marilyn. Looks like you put on 
a little weight. How are the kids? 

Did my five-band DXCC plaque arrive yet?" 

april 1969 flfl 27 



a survey 
of high-frequency 

amateur antennas 

With special emphasis 

ori a new family 

of antennas 

that offers 

superior performance 

and wideband operation 

o 
M 

o >• 
S 
z 
c 
S 
o 
t 

£ 
% 
2 

Z 

re 
UJ 
P I 
(-, m 
at 
$ 
n 
£ 

- o « 
e o ea 

Si 
60 
0 
01 

Every amateur has different antenna 
needs, different facilities and a different 
pocketbook, so no one antenna will satis-
fy everyone. Indeed, it is the wise operator 
who considers many types of antennas be-
fore he decides what he is going to use. 
The chart in table 1 was prepared as a 
guide to help you visualize some of the 
important differences between different 
types of antennas found on the amateur 
bands. Hopefully, it will help you make 
that all-important decision regarding your 
next sky wire. 

bonadio antennas 
You should be familiar with the first 

fourteen antennas on the chart, but the 
last four are new inventions* with some 
very interesting and exciting properties. 
Most antennas radiate basically along 
one vector. Exceptions include the Mar-
coni, the quad and the rhombic; these 
have low- to medium-grade two-vector 
radiation. The Bonadio square-diagonal 
antenna radiates a high-grade two-vector 
wave. It does this by equally dividing the 
radiated energy into two identical mem-
bers, 90° apart. The Bonadio box-diag-
onal antennas carry the idea one step further 
and divide the energy into four equal mem-
bers 90° apart. 

The Bonadio space-dimension antenna 
(fig. 4) completes the separation into 
idealized waves 90° apart. A logical pre-
sumption at this point is that such thin-

* The Bonadio square-diagonal antenna is protected 
by U. S. Patent 3,274,606, Patents are pending on the 
Bonadio box-diagonal and cube-diagonal antennas, 
Mr. Bonadio has applied lor a patent on the space-
dimension antenna. This protects the inventor against 
commercial infringement but does not prevent an 
amateur (rom building one for his own use. Editor 
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nirig of the radiation patterns is waste-
ful, but results do not confirm this. On 
band openings and closings, in fact, the 
extra wave vectors of the transmitted 
energy appear to be associated with the 

performance I've experienced with them. 
The following reports are typical of the 
ones I receive when using Bonadio anten-
nas, and suggest a number of unexplained 
factors. Just about all the aspects of my 

signal being the first in and the last out. 
In addition, numerous spontaneous reports 
of less fading are logged. Comparisons 
with Yagis, quads and rhombics show 
more advantages at the more distant lo-
cations and the advantages seem to ac-
cumulate with each additional iono-
spheric hop. 

The performance of these antennas may 
be related to the three-dimensional na-
ture of the ionosphere. The ionosphere 
appears to reflect two-vector waves with 
less fading and absorption than one-vec-
tor waves; furthermore, it seems to reflect 
three-vector waves with less fading and 
absorption than waves arriving along two 
vcclors. 

results 
However, the main purpose of this art-

icle is not itj try and explain how these 
antennas work, but rather to present the 

As you read through this article you will note 
a number of unusual and even unorthodox 
uses of the words " v c c l o r " a n d "wave." 
This is because of the apparent nature of 
these antennas. The author originally re-
ferred to the radiation patterns as two- and 
three-dimensional, but all antenna patterns 
have vertical height and horizontal width 
and depth, so i pointed out that a three-
dimensional radiation pattern is not unique. 
The word "direction" could have been used, 
but many antennas are multi-directional or 
have several lobes, so this is not unique nor 
descriptive of what the author feels is hap-
pening. Finally, after much discussion, the 
word "vector" was chosen because it means, 
"along a single line." Please bear in mind 
that the author is not certain how these an-
tennas work, although he has some ideas. 
Performance is what is important, and these 
antennas have that; we'll leave it to the an-
tenna engineers and Maxwellian mathemati-
cians to explain why the performance is 
there. Editor 
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table 1. Detailed comparison of 18 different high-frequency amateur antenna* 

type 

S ™ " 

1 

ground short 
wave skip 

vertical excellent poor 
trap 

vertical excellent poor 
V«-wave 

long compara- sup- ground short 
skip tive cost port system term 

points fading 

good medium 

good low 

1 very very 
important poor 

1 very very 
important poor 

use for 
cb, tv 
fm, uhf 

etc. 

very 
poor 

very 
poor 

feeder 
losses 

low 

low 

vertical, very 
shortened good 
and loaded 

very 
poor 

fair high very very 
Important poor 

very 
poor 

low 

discone excellent poor good medium 1 part of 
system 

very 
poor 

very 
poor 

low 

Marconi, good 
long wire 

good fair very 
low 

2 modest good good part of 
system 

i vr stum ftro 

Windom fair 
single wire 

very 
good 

fair low 2 modest poor fair medium 

doublet, good 
coax fed 

doublet, poor 
open wire 
fed 

very 
good 

very 
good 

fair low 

fair low 

2 none if poor very 
high up poor 

none if 
high up 

poor fair 

medium 

very 
low 

- orr-mn* rav doublet, poor 
Windom 
feed 

very 
good 

fair low none if 
high up 

poor fair low 

trap poor 
doublet 

inverted-V fair 
doublet 

very 
good 

very 
good 

fair medium 

fair low 

none if 
high up 

very 
poor 

poor low 

1 none if good fair 
high up 

low 
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optimum tuning time to 
results on require- change 

ments pattern 

several 
narrow 
bands 

fixed 

pattern 
polari-
zation 

vertical 

ground 
space 

not 
includ-

ing guys 

ground 
radials 

anti-
QRM 
notch 

anti-
line 

noise 
ability 

vertical 
trap 

type 

one band fixed vertical ground 
radials 

vertical 
1/<-wave 

one narrow 
band 

special 
loading 

vertical ground 
radials 

vertical, 
shortened 
and loaded 

10:1 fre-
quency 
range 

vertical circle none discone 

any fre-
quency 
with tuner 

medium hours mixed straight 
line 

very 
poor 

Marconi, 
long wire 

one band simple hours horizontal straight 
line 

poor Windom 
single wire 

one narrow none hours 
band 

horizontal straight 
line 

fair doublet, 
coax fed 

any tuned modest hours horizontal straight 
band line 

fair doublet, 
open wire 
fed 

any tuned modest hours 
band 

horizontal straight no 
line 

fair doublet, 
Windom feed 

several 
narrow 
bands 

fixed hours horizontal straight no 
line 

fair trap 
doublet 

narrow band fixed hours mixed straight 
line 

no poor inverted-V 
doublet 
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tabla 1. Detailed comparison of 18 different high-frequency amateur antennae. 

type ground short long compara- sup- ground 
wave skip skip tive cost port system 

points 

Yagi, 
3 element 

good 

quad, very 
2 element good 

very 
poor 

poor 

excellent high 

excellent high 

short 
term 

fading 

poor 

1 none very 
good 

use for 
cb, tv 
fin, uhf 

etc. 

very 
poor 

poor 

feeder 
losses 

medium 

medium 

WNMUTMS mmrm\ 

terminated fair 
rhombic 

poor superior high none good good very 
low 

Bonadio poor 
square-
diagonal 

Bonadio 
box-
diagonal 

Bonadio 
cube-
diagonal 

very good medium 2-4 none if very excellent very 
good high up good low 

fair excellent very high 
good 

excellent excellent excellent very 
high 

Bonadio excellent 
space-
dimension 

excellent excellent very 
high 

3-6 

none if 
high up 

none if 
high up 

none if 
high up 

excellent excellent 

excellent excellent 

very 
low 

very 
low 

superior excellent very 
low 

station and location are typical—140 

watts (a-m), located in a built-up resi-

dential area, five-degree hill toward Af-

rica—so the exceptional reports I get 

aren't from that department. The antenna 

in use when the following reports were 

received was a Bonadio box-diagonal an-

tenna, elevated 5 to 9 meters (16 to 30 feet) 

above flat land. 

K5MRU, 16 September 1967, "There must 

have been 15 stations in there calling me." 

ON4XK, 16 September 1967, "There were 

many stations on your frequency." 

ZE1BP, 26 September 1967, "You're on a 

par with any stateside signal in the last 

hour." 

ZS6EB, 27 September 1967, "You're the only 
station we can copy," and four hours 

later, "Conditions no better than earlier; 

you're still 4 and 5." And on 5 October 

1967, "First W 2 heard this afternoon. There 

are no Americans; the band is no good 

at all. You're 4 and 6." 

C3RXW, 16 October 1967, "About the only 

W on the band;" 40 minutes later, " I can-

not hear any other American station." 
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optimum tuning time to 
results on require- change 

ments pattern 

single band fixed seconds 

pattern 
polari-
zation 

vertical or 
horizontal 

ground 
space 

not 
includ-

ing guys 

depends on 
support 

anti-
QRM 
notch 

anti-
line 

noise 
ability 

type 

excellent excellent 3-eiement 
Yagi 

single band fixed seconds mixed depends on excellent 
support 

excellent 2-element 
quad 

3:1 fre-
quency 
range 

fixed mixed diamond no 
acreage 

fair terminated 
rhombic 

all above 
half-wave 
resonance 

special 
tuner 

immediate vertical or 
horizontal 

large poor good Bonadio 
square-
diagonal 

all above 
half-wave 
resonance 

special immediate 
tuner 

mixed large poor good Bonadio 
box-
diagonal 

all above 
half-wave 
resonance 

special 
tuner 

immediate vertical or 
horizontal 

large poor good Bonadio 
cube-
diagonai 

all above 
half-wave 
resonance 

special 
tuner 

immediate vertical or 
horizontal 

large good very 
good 

Bonadio 
space-
dimension 

F3EA, 17 October 1967, "Your signal is one 
of the very best I can hear on the band; 
very little QSB." 

G30SI , 20 October 1967, "When I heard 
you calling 'CQ DX/ you were the strongest 
on the band, but there is an ssb stronger." 

ZS1)H, 24 October 1967, while in a four-
continent roundtable with G3HCU and the 
late ZL2UD, "This evening there is fading 
on all signals, but not on your signal, 
George." 

From G3HCU, during the same roundtable, 
"George has a signal we classify as out-
standing here in England." 

Note that some stations are running up 
to 8 dB more power (kilowatt input), plus 
10 dB or so for antenna elevations and 
up to 8-dB beam-antenna gain; this is 
more than 26 dB over W2WLR*—a 400:1 
power ratio or more than four S-units. I 

* And this does not include the theoretical 9-dB gain 
offered by single sideband. 
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fig. 1. The square-diagonal antenna. The switching relay in the center is a modified dpdt unit; the special 
tuning unit is very important to proper antenna operation. 

don't know what happened to the signal, 
but it is not happening at ground level; 
it must be happening in the ionosphere. 

Whi le splitting up antenna power three 
ways results in nearly 5-dB "loss" in the 
desired direction, it appears to mitigate 
fading depth by as much as 25 dB. Also, 
selective fading garble seems to be over-
come by these antennas. 

square-diagonal antenna 
As the name implies, the square diag-

onal antenna shown in fig. 1 is layed out 
along the diagonals of an imaginary 
square. It can be mounted in the horizon-
tal plane on four supports or in the verti-

cal plane on two poles. Both of these 
installations are shown in fig. 1. Each of 
the legs of the cross are exactly the same 
length and are made of number 8 alumi-
num ground wire or number 12 copper 
wire. 

The relay in the center is a dpdt relay 
that has been modified for minimum lead 
length. The special antenna tuner shown 
in fig. 1 is extremely important to proper 
operation and must not be left out. The 
reactance of L1 and C1 should be equal 
to one-third the impedance of the coaxial 
feedline if they are in parallel (three 
times the impedance of the coax if in 
series). 
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fig. 2. The box-diagonal antenna. The switching relay and tuning unit are the same as fig. 2. 

Box-diagonal antenna. 

The L ' l-CI tuned circuit is grid dipped 

lo ihe middle of the band before the coax 

cable is connected and not reluned. The 

reactance of L2 and L3 is three to five 

times the value of the impedance pre-

sented at the tuner by the open-wire feed-

line. If L1 is closely coupled lo L2 and L3, 

an swr of 1:1 is an indication thai the proper 

LC ratios have been used. 

box-diagonal antenna 
The box-diagonal antenna shown in 

fig. 2 is a natural development of the 

square-diagonal antenna. The special 

switching relay in the center and the tun-

ing unit are the same as those used with 

Ihe square-diagonal. The length of each 
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fig. 3. The cube-diagonal antenna. The element ends are located at the corners of an imaginary cube. 

of the eight elements is exactly the same 
as before, and the vertical spread be-
tween wires on all four masts is identical. 
As you can see from table 1, this slight 
refinement in antenna construction results 
in improved signal reports—both close in 
and at long distance—as well as im-
proved short-term fading performance. 

cube-diagonal antenna 
The cube-diagonal antenna shown in 

fig. 3 is the result of efforts to further re-
fine this family of antennas. The eight ele-
ments are exactly the same length and 

are terminated in insulators located at 
the corners of an imaginary cube. This 
antenna is somewhat similar to the box-
diagonal, but note that the switching re-
lay in the center is much more complex 
than the relay used in previous designs. 

If you trace out the switching positions 
of the relay, you will find that in the 
center or neutral position the four upper 
elements are fed against the four lower 
elements. In the lower position of the re-
lay the front four elements are fed against 
the rear four; and in the upper position, 
the left elements are fed against the right. 
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SWITCHING UNIT" 

POSITION SWITCHES 
TRANSFERRED 

i A,C 
2 A,B 
3 B.D 
1 C, D 

C2 
TUNING UNIT 

SHOWN IN POSITION t 

fig. 4. The space-dimension antenna; high performance with three support masts. 

There was no commercial relay available 
to do this job, so a special unit had to be 
built. 

space-dimension antenna 
The space-dimension antenna shown in 

fig. 4 is the latest effort to improve per-
formance and simplify construction. Only 
three vertical masts are required for this 
antenna, but it out-performs all of the 
other Bonadio antennas. All six elements 
of the space-dimension antenna are ex-
actly the same length and constructed of 
number 8 aluminum or number 12 copper 
wire; all angles are either 90 or 180 
degrees. 

Four switching positions are required at 
the center of the antenna to provide one 
vertical and three horizontal polarization 
patterns whi le maintaining correct tuning 
and loading; if you trace out the switch-
ing logic, you'l l see that three adjacent 
elements are fed against the other three. 
It would be possible to construct a single 

remote-control switch to handle the com-
plex switching chores, but the same results 
can be obtained wi th four spdt relays en-
ergized as shown in the table in fig. 4. 
The opt imum elevation of the switch 
above ground is 20 meters (66 feet). 

summary 
Although these antennas have been in 

a continuous state of evolution since 
1953, a lot of work remains to be done— 
experiments at different locations, per-
formance tests at different frequencies and 
under different operating conditions, vhf 
and uhf tests to determine performance 
over line-of-sight paths—this is just a 
sample of the kinds of data that are 
needed. Construction of the antennas 
themselves is not diff icult, although the 
complex switches and high-power-factor 
antenna tuners must be used for proper 
performance. Look for complete construc-
tion details in ham radio soon. 

ham radio 
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The possibility of transmitting pictures has 
probably appealed to radio experimenters 
since the early days of radio. Hugo 
Gernsbeck featured the "leleautograph" on 
the cover of one of his early publications 
before 1910, and a cartoon in the May, 
1921 issue of QST portrayed father tweak-
ing the controls of his "radiotelescopo-
graph." When practical {and realistically 
priced) hardware became available in 
the mid-1930's, radio amateurs were ready 
and the pages of QST were filled with tv 
technical and construction articles—so 
many in fact that some readers com-
plained. 

Many over-the-air friendships have been 
established between amateurs who have 
no idea what the other looks like, so the 
underlying interest in television should 
come as no great surprise. Unfortunately, 
normal fast-scan television requires wide 
banclwidths that are not compatible with 
our relatively narrow high-frequency allo-
cations. However, slow-scan television— 
perhaps more properly called narrow-
band image transmission—makes it pos-
sible. 
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In 1957, Cop MacDonald, now WA0NLQ, 
became intrigued with the possibility of 
using a slow-scan technique (or image 
transmission by radio. This method in-
volves the use of television-type pickup 
and reproduction devices with slow scan-
ning rates to produce narrow bandwidth 
video signals. In September, 1957, he 
started the design and construction of a 
low-cost slow-scan system for use with 
amateur phone equipment.1 

The system required no greater band-
width than normal voice communications 
and the signal could be transmitted and 
received with any equipment suitable for 
radiotelephone work. Ideally, the "cam-

Along with WA0NLQ, Don Miller, 
W9NTP, |. A. Plowman, G5AST, Louis I. Hut-
Ion, K7YZZ, and others did much to pioneer 
sstv development by proposing standards, 
writing technical and construction articles 
and interesting other amateurs in slow-
scan work. A number of on-the-air ex-
periments were conducted on the bands 
below 30 MHz under special temporary 
FCC authorization; similar arrangements 
were worked out with the DOT in Can-
ada. In 1961 the ARRL requested the FCC 
to permit narrow-band picture transmis-
sions in the phone portions of the 10- and 
15-meter bands; in 1967 the FCC issued a 
Notice of Proposed Rulemaking that would 

The authors via slow scan: Doug Watson. . . and Syd Home, VE3EGO 

era" could be plugged into the microphone 
jack of the ssb transmitter and a "moni-
tor" plugged into the headphone jack of 
the receiver to convert a modern amateur 
radio rig into a two-way picture trans-
mission facility. 

authorize narrow-band picture transmis-
sion in the lower frequency amateur 
bands; this was eventually adopted effec-
tive August 30, 1960. The slow-scan fre-
quency allocations for the United States 
and Canada* are listed in table 1. 

Syd l-lorne, VE3EGO, built the camera 
and monitor described by Copthorne Mac-
Donald in QST.5" After many months of 
work and planning, he exchanged pictures 
across Ibe Atlantic for the first time with 
Art Baekman, SM0BUO, in Stockholm," Bui 
before this important milestone could be 
achieved, in addition to constructing the 
cameras and monitors, permission had to 

This article is an adaptation of on article 
that originally appeared in the January, 19E9 
issue of electron—the Canadian electronics 
magazine edited by Ernie Welling, VE2YU— 
and is presented here through the co-opera-
tion of Tomor Publications, Ltd. 
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table 1. Slow-scan television frequency allocations below 
30 MHz. 

United States1 Canada3 

present 22 November 1969 

3.800- 3.850 MHz 3.800- 3.900 MHz 3.725- 3.750 MHz 
7.200- 7.225 MHz 7.200- 7.250 MHz 7.150- 7.175 MHz 

14.200-14.235 MHz 14.200-14.275 MHz 14.175-14.350 MHz 
21.250-21.300 MHz 21.250-21.350 MHz 21.100-21.450 MHz 
28.500-29.700 MHz 28.500-29.700 MHz 28.100-29.700 MHz 

1. Allocations limited to Advanced and Extra-class seg-
ments of the bands below 28 MHz. 

2. Subject to revision on March 31, 1969. 

be obtained from the licensing authorities 
in both countries to transmit sstv. 

While operating with this equipment, 
Syd became aware of many of the operat-
ing restrictions that were imposed by ex-
isting equipment. He discussed the prob-
lem with Doug Watson and managed to 
get him interested enough in slow-scan tv 
to attempt a solid-state camera and monitor 
design incorporating features which would 
facilitate operation. The camera prototype 
was completed in June, 1968, and the monitor 
in October, just in time for a sstv demonstra-
tion at the first annual Radio Society of On-
tario convention. With these new designs, the 
camera samples the output from a fast-
scan picture source, producing pictures at 
the slow-scan rate. 

the sampling camera 
The camera uses a regular vidicon, 

such as the 7038, instead of the shuttered-
mode Westinghouse 7290 vidicon required 

* Earlier the Canadian Telecommunications Bureau 
had been requested to authorize Canadian amateurs 
to conduct slow-scan television experiments in por-
tions of the high-frequency bands available to the 
amateur service. Following a study of viewpoints ex-
pressed by various groups, an amendment was made 
to the General Radio Regulations Part II under the 
Radio Act to authorize special experimentation. 
Under this authority, permission was granted to 
Canadian amateurs to experiment with sstv in the 
bands listed in table 1, subject to revision on March 
31, 1969, the end of the current licensing year. The 
Telecommunications Bureau provided additional 
assistance by arranging to monitor and record the 
spectrum of a typical sstv transmission. 

for the MacDonald camera. While 7038's 
have been used in modifications of the 
MacDonald camera, the low speed of the 
beam across the target area—of the or-
der of 7.5 inches per second—results in 
very marginal performance of the vidicon. 
Therefore, it was decided to use the vidi-
con in the fast-scan mode and sample 
its output to synthesize slow-scan pictures. 

table 2. The following sstv nets are in operation to promote 
slow-scan activity and help amateurs get started in sstv. The 
first two are primarily Canadian nets. 

Tuesdays 2000 EST or EDT 3.740 MHz Jack Barlow, VE3PW 
Thursdays 2000 EST or EOT 14.180 MHz» Syd Home, VE3EGO 
Saturdays 1900 GMT 14.230 MHz Don Miller, W9NTP 

1. listening for U. S. stations on 14.230 MHz. 

The current sstv standards require the out-
put to be equivalent to that from a 15-
horizontal-line-per-second, 8-second-per-
frame scanning raster. The easiest fast-
scan raster to sample to obtain this out-
put is 15 frames per second with a vertical 
frequency of about 3 kHz. 

By displaying the fast-scan picture on 
an oscilloscope, rapid adjustment of elec-
trical and optical focus, lighting and 
framing is possible, where previously up to 
eight seconds had to elapse before you 
could see the results of such adjustments. 
This is a tremendous operating advan-
tage. The video path to the oscilloscope 
requires about 300 kHz bandwidth, but this 
only goes to the scope and a short length 
of shielded wire is adequate. 

The fast-scan mode also permits the in-
corporation of automatic target control 
(ate) which automatically adjusts the tar-
get potential of the vidicon to compen-
sate for changes in subject illumination. 
The time constants required to incorporate 
this in a slow-scan camera would render 
it useless, but with a 15 frames-per-sec-
ond raster on the vidicon, compensation 
is achieved in approximately one second 
for a change of illumination greater than 
100:1. The operating advantages of this 
feature are obvious. 
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Preliminary tests with the camera oper-
ating into a ssb transmitter drew the de-
signers' attention to the clanger of allowing 
the frequency-modulated subcarrier to exceed 
2400 Hz. The filters of the transmitter 
wouldn't pass the higher frequencies, and 
the apparent signal dropout caused high-
lights to register as black on the receiving 

operation is the optical focusing of the 
lens. 

the monitor 
A magnetically focused and deflected 

five-inch cathode-ray lube with a P 7 
phosphor was selected for the monitor 
(5FP7). This carries a number of advan-

Solid-stale sampling slow-scan television monitor. 

monitor; signal dropout also interfered 
with lint; end frame synchronization. A 
circuit was designed to defect frequency 
excursions beyond 2300 IT/ and give an 
audible alarm whenever this occurs. The 
reference 2300-llz signal used in this cir-
cuit is available with a flick of a switch 
so that its accuracy can be checked pe-
riodically. 

The camera consists of two units 
each 3'/2x7x8'/2 inches. All do voltages are 
regulated to minimize troubles due to 
hum and noise and line voltage changes. 
The only adjustment normally required in 

tages for the solid-state approach as 
compared to a 5CP7A as used in the ear-
lier monitor. The gnd-cathode circuit of 
the 5FP7 can be, and usually is, at the 
grounded end of the high-voltage supply; 
this facilitates direct coupling which is al-
most a must for sstv work. The deflection 
coils are more easily driven by low-volt-
age solid-state circuitry than the deflec-

plates of an electro-static type tube. 
In addition, magnelically-focused lubes 
are characterized by a brighter image 
due to the geometry of the electron beam. 

The specifications for the 5FP7 call for 
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a minimum of 4000 and a maximum of 
8000 volts dc anode voltage; 6000 volts 
were used in this design. In an older 
monitor, there was raster distortion when-
ever the line voltage changed (e.g., when-
ever the refrigerator upstairs turned on). 
There was also a certain amount of high-
light aberration due to the increase in de-
flection sensitivity as the high voltage 
dropped because of the high beam current 
during such highlights. An electronically-

table 3. Proposed slow-scan television standards. 

Number of lines 

Aspect ratio 

Line frequency 

Frame repetition rate 

Horizontal sync 

Vertical sync 

White frequency 

Black frequency 

Total bandwidth required 

120 
1:1 

15 per sec 

1 per 8 sec 

1200 Hz for S millisec 

1200 Hz for 30 millisec 

2300 Hz 

1500 Hz 

1100 Hz 

regulated 6-kV supply that effectively cured 
these ailments was incorporated in the 
design. 

Tuning an ssb receiver to provide in-
telligible reception of speech requires rea-
sonably precise adjustment. The upward 
or downward shift of all frequencies due 
to slight mistuning is easily tolerated by 
the human ear. However, the reproduction 
of sstv images from the fm subcarrier re-
quires the synch bursts to be within 50 
Hz of 1200 Hz. 

The fm demodulator designed for and 
used in this monitor was readily adapted 
to provide an output voltage proportional 
to the synch frequency. This is used to 
operate a tuning meter. A further step 
could be taken by controlling a variable 
reactance in the receiver circuitry to pro-

Unfortunately, it is impossible for the authors to 
provide more circuit or constructional particulars on 
the sampling camera and monitor until the proprie-
tary designs of the Northern Electric Company are 
adequately protected. Hopefully they wil l be able to 
present the complete schematic and construction de-
tails as soon as the patent applications are filed. 

Editor 

vide afc which would automatically cor-
rect for the slight frequency drift usually 
encountered. 

The Tektronix polaroid viewing hood 
shown in the photo effectively eliminates 
reflection of light sources in the viewing 
area by the crt face and the yellow filter 
used to eliminate the blue flash of the 
P7 phosphor. 

The monitor is housed in two utility 
cabinets hinged together at the back so 
that the top unit containing the 5FP7 can 
be tilted for optimum viewing angle. The 
over-all size of the monitor is 6x14x12 
inches. 

summary 
It is difficult to estimate the eventual 

impact of sstv on the amateur phone 
bands at the present time. However, a 
parallel can be drawn between the de-
velopment and use of single sideband 
some 15 years ago and slow-scan televi-
sion today. By overcoming many of the 
operating restrictions with the sstv sam-
pling camera—along with the decided ad-
vantage of using readily available vidi-
cons—it is reasonable to expect increased 
sstv activity in the future. 

references 
1. C. MacDonald, W4ZII, "A New Narrow-Band 
Image Transmission System," QST, August, 1958, p. 11. 
2. C. Grant Dixon, "Slow-Scan Television," CQ-TV 
Magazine, "A Slow-Scan Vidicon Camera," CQ-TV 
Magazine (England). 
3. J. A. Plowman, C5AST, "Slow-Scan Television," 
CQ-TV Magazine. 
4. C. MacDonald, WA2BCW, "S.C.F.M.—An Im-
proved System for Slow-Scan Image Transmission," 
QST, January, 1961, p. 28; February, 1961, p. 32. 
5. C. MacDonald, WA2BCW, "A Compact Slow-Scan 
TV Monitor," QST, March, 1964, p. 43. 
6. C. MacDonald, WA3BTK, "A Slow-Scan Vidicon 
Camera," QST, June, 1965, p. 11; July, 1965, p. 15; 
August, 1965, p. 24. 
7. S. M. K. Home, VE3ECO, "Slow-Scan Pictures 
Exchanged Between Canada and Sweden," QST, Sep-
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enter 
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but useful 

blocking oscillator 
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on a versatile 
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We are about to become acquainted with 
a singularly mischievous member of the 
oscillator family, whose apparent sim-
plicity belies enough ode! behavior to 
make the average electronic engineer 
weep all over his bagels. 

The blocking oscillator is deliberately 
designed to produce nonsinusoitlal wave-
forms; it usually produces pulses whose 
duration is short compared to pulse pe-
liod (i.e., time between each pulse plus 
pulse length). While most oscillators are 
designed to have as low a feedback factor 
as possible (and yet remain self-starting), 
the blocking oscillator has a very large feed-
back factor. This, in combination with a 
low-Q tuned circuit, causes oscillations to 
build up rapidly, then die out for a time 
that's long compared to the pulse length 
(fig. 1). The transformer that is used with 
the blocking oscillator is not tuned except 
by stray capacitance, which usually assures 
the low-Q requirement. 
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how they work 
Two forms of the blocking oscillator are 

in common use. The first is similar to the 
tuned-plate, tuned-grid or tickler-feed-back 
type oscillator. This is also shown in 
fig. 1. Of course, there is no "tuning," 
"plate," or "grid," so perhaps tickler-
feedback is the better description. The 
second form is similar to the Hartley, as 
shown in fig. 2. Since only parasitic ca-
pacitance is used for tuning, the Colpitts 
form of circuit is not ordinarily used for 
blocking oscillators. 

In fig. 3 is a "real-life" blocking oscilla-
tor of the free-running, tickler-feedback 
type. This astable circuit produces pulses 
whose pulse length is primarily dependent 
upon the inductance and resistance of the 
collector winding of the transformer, and 
whose repetition rate is primarily depen-
dent on the time constant, RC. A detailed 
formulation of the design factors and 
their interrelation is given in reference 1. 

Table 1 is a listing of the pulse trans-
formers, recommended for blocking oscil-
lator service, made by one transformer 
manufacturer.2 Note that pulse length in-

fig. 3. Blocking oscillator of the free-running tick-
ler-feedback type. 

creases with collector-winding inductance. 
Similar transformers are also manufac-
tured by United Transformer Company 
and others. The turns ratio of the primary 

fig. t. Single-swing 
blocking oscillator 
waveforms are shown 
in A. The circuit in 
B is a solid-state 
tickler-feedback 
blocking oscillator 
circuit. 

COWOUCTHW 
TIME 

COLLECTOR VOLTAGE S+ — 

OUTPUT PULSE 

SASE VOLTAGE 

fig. 2. Hartley + £ « 
blocking oscillator 
circuit. 

b-

(collector) winding to secondary (base) 
winding is usually between 3 to 1 and 5 
to 1. Linville3 has shown that, for bipolar 
transistor blocking oscillators, a 5-to-1 ra-
tio gives the sharpest pulses. 

Since most amateurs are not in a po-
sition to buy specially constructed pulse 
transformers, they must either make them 
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or use surplus types. However, rolling-your-
own pulse transformer is really quite 
easy, now that ferrite cores are widely 
available. Because ferrite cores have such 

iiistc 

» a i" 
T I S34 BASIN0 

FERRO-MAONETIC3 NO. 8*21 
TURNS RATIO- l: l,Lp-Lt -200pH 
(PART OF BLOCKING OSC. EXPER. 
KIT FROM RED JOHNSON 
ELECTRONICS) 

fig. 4. Blocking oscillator circuit 
that uses an fet with a tube-type 
pulse transformer. 

Most of the pulse transformers avail-
able in surplus are for the older tube-
type blocking oscillators. The photograph 
shows a selection of these that were 
available in my local area surplus stores. 
The physical form of such small trans-
formers seems to be quite distinct, and if 
you find one of these "gum balls," it is 
pretty likely to be a small pulse trans-
former. 

The surplus tube-type pulse transformers 
can be used directly in bipolar transistor 
blocking oscillators, but the 1:1 ratio that 
most offer is too high to provide the best-
looking pulses. But they can also be used 

2B FONMVAA ON FERRITE 
CORE (PART OF BLOCKING OSC 
EXPERIMENTERS KIT MAILABLE 
FROM RED JOHNSON ELECTRONICS) 

high effective permeability, only a few 
hand-wound turns on a non-gapped core 
will provide enough inductance to produce 
a quite useful pulse width. Almost any of 
the closed-magnetic-path ferrite cores are 
adequate for pulse transformers, includ-
ing pot cores, toroids, C-cores, E-l cores 
and U-l cores. The pot core used in fig. 3 
is part of a "blocking oscillator experi-
menter kit." * 

PRF • 120 HI 

fig. 5. Hartley-type blocking os-
cillator. 

table 1. Pulse transformers for blocking oscillator 
service. 

PULSE ENONEEBINS 
EF7 I - 2248 

4 : I • i 

Pulse Eng. Turns Pulse Primary 
Catalog Ratio Width Inductance 

No. </i «) (mH) 

2445 4:1:2 0.07 to 0.2 0.05 

2444 4:1:2 0.1 to 0.2 0.1 

2443 4:1:2 0.1 to 0.5 0.2 

2671 4:1:4 0.1 to 0.5 0.2 

2442 4:1:2 0.2 to 4.0 0.4 

2672 4:1:4 0.2 to 4.0 0.4 

2248 4:1:2 1 to 12 2.5 

2673 4:1:4 1 to 12 3.0 
2249 4:1:2 1 to 20 5.0 
2250 4:1:2 1 to 50 10.0 

Available for $2 00 from Red Johnson Electronics, 
(40 Pepper Avenue, Palo Alto, California 94306. 

SPRABIK 
2NS99 

fig. 6. Blocking oscillator that is 
not free-running but is used as a 
one-shot. 

in an fet blocking oscillator that is more 
nearly like the tube circuit for which they 
were designed, as in fig. 4. 

When using an fet in a blocking os-
cillator it is best to use one that is de-
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signed for switching, but such fet's are 
usually fairly expensive. The TIS34 (Texas 
Instruments) costs less than a dollar and 
has an r ( I s ( o I l ) of only about 200 ohms, 
and so this was the choice for fig. 4. The 
TIS34 is normally used for vhf rf amplifier 

A circuit related to the blocking oscil-
lator is shown in fig. 8. This circuit 
achieves the phase shift required for os-
cillation by means of a delay line. The 
waveform produced is a nearly square 
wave, whose period is twice that of I he 

fOOnSEI 

F 
1 p 

MOTOROLA 
MMT 3 9 0 4 

fig. 7. Miniature blocking oscil-
lator circuit using a Motorola 
Micro-T transistor; completed cir-
cuit is shown in the photo. 

NO. 2 8 WIRE WOUND 
ON FERROXCUBE 
"SHELDINO BEAD" 
NO. KS 001 0 0 / 3 6 

Miniature blocking oscillator using 
the circuit shown in tig. 7. 

service and has had wide acceptance in 
amateur two-meter service. 

The circuits of figs. 3 and 4 are the 
free-running tickler-feedback type. Fig. 5 
shows a Hartley-type blocking oscillator. 
Fig. 6 shows a blocking oscillator that is 
not free-running, but used as a one-shot. 
That is, the blocking oscillator produces 
one pulse for each trigger input. The cir-
cuit of fig. 6, by the way, is that recom-
mended by Pulse Engineering to obtain 
the pulse widths specified using their 
transformers.2 

integrated circuit pulsers 
For those who favor an integrated cir-

cuit lo produce pulses, because the IC is 
smaller and outwardly simpler, fig. 7 
shows a circuit and picture of a block-
ing oscillator producing 100-ns pulses. 
Yes, friends, discrete circuits can be small, 
too. The ferrite core in this case is a 
ferrite shielding bead costing about 10c; 
the transistor is a Motorola plastic Micro-
T at $3.00. (A 2N3904 could be substituted 
at less cost if the small size isn't re-
quired.) 

+ 3 . S 

tig. 8. Circuit that achieves the 
phase shift necessary for oscilla-
tion from a delay line. 

- 3 

fig. 9. Blocking oscillator used 
in a high-voltage Geiger-counter 
power supply. 
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delay line. Since the ratio of pulse length 
to period is always fixed at V2, this cir-
cuit is not as versatile as the blocking 
oscillator. However, for sheer simplicity 
this oscillator has few peers and can 
serve as a clock for RTL systems. 

H23 R 2 4 R23 
«2M 82M 4.7M 

fig. 10. High-voltage Geiger-counter 
supply using a blocking oscillator. 

applications 
Aside from the obvious use of the block-

ing oscillator to produce short pulses for 
use in electronic devices such as tv sets 
and radars, there are a number of other 
applications. One very important use of 
blocking oscillators is in dc-to-dc con-
verters. Since the blocking oscillator has 
such a low-duty cycle (i.e., the pulse 
length is short compared to the period) 
it is particularly suitable for converters 
requiring high-voltage, low-current output. 
Geiger counters are typical users of such 
converters. A circuit is shown in fig. 9. 
Another similar circuit is shown in fig. 10; 
this circuit is available from John Meshna 
for about $5.00 as part of a surplus 
Geiger counter. Other blocking-oscillator-
type dc-to-dc converters are contained in 
references 4, 5 and 6. 

Another interesting use of the blocking 
oscillator is in electronic sirens. Such a 
circuit is shown in fig. 11J When SW1 is 
closed, C2 charges through R3, increasing 
the available base voltage of a blocking 
oscillator. This increasing voltage in-

creases the pulse rate of the blocking os-
cillator, while the pulse length stays more 
or less constant. When SW1 is opened C2 
discharges through R1 and R2, causing the 
pulse rate to decrease again. The alter-
nate, manual, closing and opening of 
SW1 produces a siren-like wail. 

Other impulse-type services formerly us-
ing electromechanical contactors, such as 
electric auto fuel pumps and electric fence 
devices, are naturals for the blocking os-
cillator.8 The substitution of a blocking os-
cillator for arcing contacts in these ser-
vices reduces radio frequency interference 
and increases reliability. All-in-all, a very 
nice cousin of the standard oscillator. 

fig. 11. Electronic siren using a 
blocking oscillator; transistor Q2 is 
the audio amplifier. 

SW2 

references 
1. "Handbook of Selected Semiconductor Circuits ," 
Buships NObsr 73231, pp. 6-18 to 6-21 and 6-66 to 6-71. 
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Blocking Osci l lators," Proceedings of the IRE, No-
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an economy 
six-meter 

cubical quad 

Here is I My first exposure to cubical quad antennas 
was right after World War II. A local 
amateur built one, and it worked very 
well. In fact he was doing as well as one 
of his ten-meter friends, who was using a 

a directional antenna § © three-element yagi. I buill a quad also, 

S S ihen, but it didn't last long. I used a rather c VOU Can build ^ n Heavy wood and some dime-store shelf 
3 o | brackets; a Southern Indiana wind look 

$ o 
f. u l . c a r e of it a few weeks after I put it up. 
tor one DUCK § < g Then I went back to yagis. 

"^..g After several years and as many moves 
per dB of gain o % around the country, I finally settled in 

§ "Is California, and I began to think seriously 
£ X about the best antenna performance I 

could get for the least amount of money 
">-o and labor. The quad won, and I must say 

_ Bill Orr's book1 had a lot to do with it. 
O > The six-meter quad I'm using now per-
u Q forms excellently and cost me about one 

50 [ g april 1969 



dollar per dB of gain. That's five dollars. 
If I use the gain figures you see in many 
ads for these antennas, then the cost 
would be something like fifty-eight cents 
per dB. That's because some of these ads 
base their claims on an isotropic reference 
source. This is engineering lanuage for an 
imaginary point source stuck somewhere 
out in space where there aren't any path 
losses and other earthbound aberrations. 
But I can say one thing for certain: my 
quad works. 

fig. 1. Layout of the economy six-meter quad show-
ing the major dimensions. Both the driven element 
and reflector are made the same length to start; 
the reflector is tuned with the shorted stub. 

materials 
The secret weapon that beats the high 

cost of materials for this antenna is rigid 
plastic connectors. Of course, you must 
realize the antenna is designed for six me-
ters, which means that physical lengths 
are small compared to 20 meters, for ex-
ample. But if this six-meter antenna were 
scaled up in size to 20 meters, the cost 
certainly would be competitive with any 
commercial quad on the market. 

A list of material you'll need is given in 
table 1. It is possible to shave costs even 
more if you've got a fairly well-stocked 
junk box and are resourceful. For exam-
ple, you can apply the time-honored tech-

nique of boiling a two-inch piece of wood-
en dowel in paraffin for an egg-insulator 
substitute, or you could even use a piece 
of plastic water pipe, drilled at each end. 
There's no reason you couldn't use a 
length of mop handle for the boom; how-
ever, you would have to devise some meth-
od of fastening it to the crossarms other 
than threading it. With a little ham in-
genuity, you could easily cut the material 
costs by one-third. Would you believe a 
high-gain, directional antenna for $3.98 
plus tax? 

the crossarms 
The material sources in table 1 are sug-

gestions of course. However, the plastic 
crossarms may be a little hard to find. 
They're made by Atlantic Research under 
the trademark C-S-R. My local source said 
they are rather uncommon and are made 
only by Atlantic Research, because patent 
rights haven't been issued to other plastics 
manufacturers. So if you can't locate any 
in your area, I've included the name and 
address of my source. These crossarms will 
accept V2-inch rigid plastic water pipe for 
the element supports, and the axial hofe 
is threaded for steel pipe, which serves as 
the boom. 

element supports 
The plastic water pipe used for these 

parts comes in ten- and twenty-foot 
lengths. You'll need eight lengths, each 41 
inches long. That's exactly 27 feet, 4 
inches. I'd recommend buying one twenty-
foot and two ten-foot lengths. Then you'll 
have a little extra material for insulators 
or other projects. This material is easy to 
work and has a good dielectric constant, 
at least up to the six-meter region. 

elements 
The sketch of fig. 1 indicates that you'll 

need 38 feet, 8 inches of wire for driven 
element and reflector. Almost any type of 
wire can be used, but I recommend copper-
clad steel. This wire is designed for anten-
nas. It's a little more difficult to work with 
than pure copper wire, but it doesn't 
stretch. Another substitute is Sears' electric 
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fence wire. Il costs about S5.50 for a half-
mile length of number 18 galvanized. Ele-
ment diameter doesn't affect antenna 
bandwidth in a quad to any great extent, 
because the Q of a closed-loop antenna 
system is low. I've shown fifty feet of wire 
as the recommended quantity in table 1. 
This allows a little extra for the stub and 
fastenings. 

construction 
Assemble boom and crossarms first. The 

steel pipe boom should be threaded at 
both ends. If you decide to use a mop 
handle boom, it should be easy to force 
fit the wood into the plastic crossarms 
I'm a great believer in epoxy. Although I 
didn't use a wooden boom, it should work 
all right if you use epoxy to weld boom to 
crossarms. It's a lot lighter in weight than 
the steel pipe, and it's free. 

Drill holes for the wire in one end of 
each of the eight element supports. These 
holes should be located one inch from the 
end. Now insert the one-foot length of 3/4-
inch diameter dowel into the element sup-

Attaching the wire elements to the support arms. 

ports where they join to the crossarms. This 
gives added strength. 

String the wire through the holes in the 
element supports and pull the wire up 
snugly. The element supports will then pull 
inward slightly. This adds to the stability 

table 1. Material for the economy 6-meter quad. 

part 

elements 

elemont supports 

crossarms 

boom 

stiffener 

material quantity 

no. 18 copperclad steel, SO feet 
or no. 12 AWG enamelled 
wire, hard drawn 

plastic water pipe, 41-inch 8 each 
long by Vi-inch 

plastic water pipe "side 2 each 
outlet cross" 

galvanized steel water 1 each 
pipe, 24-inch long by Vi-
inch diameter (see text) 

wood dowel, one-foot long 8 each 
by 3/4-inch diameter 

suggested source or manufacturer 

Junk box. (Alternate: Sears, Roe-
buck no. 18 electric fence wire; farm 
catalogue.) 

Lascopipe Vi-inch P V C 1220 or 
equivalent. 

E/Tronics, 7300 Worthington Drive, 
North Highlands, California 95660 
Part no. 1764-1; $4.00 for five cross-
arms. 

Local hardware or plumbing supply 
(also see under "stiffener" below). 

Mop handle, sanded and varnished 
(use marine spar varnish or opoxy). 

hardware egg insulators (2 each); 
Fahenstock clips (2 each); 
6-32 cadmium-plated ma-
chine screw (1 each); flat 
washer (1 each); lock nut 
(1 each) 

Local hardware supply (also see 
text). 
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of the whole affair. The assembly will ihen 

resemble a pair of back-to-back umbrellas. 

Wrap six-inch lengths of wire around 

the elements as shown in the photo. A n 

egg insulator serves as the termination for 

the driven element. The transmission line 

is soldered directly to the ends of the driv-

en element. If you use coax cable, this 

means the center conductor and dielectric 

will be exposed to the elements. The best 

practice in a low-cost system like this is 

to give the exposed areas several coats of 

glyptal, Q -dope or any other good protec-

tive material. 

side view of (he economy quad. 

There's no rf voltage at this point, but 

you 'd be surprised what the transmission-

line termination will look like in about 

six months if it's not protected. Be sure to 

allow acJequate drying time between 

coats. Build up the protective coats grad-

ually, then wrap the whole termination 

with Scotch number 33 electrical tape. 

Dope the tape thoroughly in the same 

manner. 

Another egg insulator terminates the re-

flector, with the wire extending ten inches 

beyond the insulator. This is the stub, 

which makes up the five- or six-percent ex-

tra length required for this element. Short-

circuit the stub with two Fahenstock clips 

connected back-to-back with a 6-32 cad-

plated machine screw, flat washer and 

lock nut. Don ' t use dissimilar metals for 

this hardware, or you'll never be able to 

find the hardware when you decide to dis-

assemble the antenna. Electrolytic action 

will deteriorate the parts, especially if you 

live near the coast. 

tune-up 
With the dimensions given in fig. 1, the 

antenna resonant frequency is 50.15 M H z . 

This was determined with a Measure-

ments Corporation Megacycle Meter (grid 

dipper). Tune the stub, by pruning the wire, 

to about five percent lower in frequency 

than the driven element. 

performance 
N o antenna article seems to be com-

plete without some report on performance, 

so I'll jump on the bandwagon with mine. 

Results to date have been quite good. A 

surprise opening in April 1968 netted 16 

states in one weekend. With my Swan 250, 

contacts are being made almost every 

night with W A 7 C X M near Carson City, 

Nevada, with S-7 to S-9 reports. This is 

nearly 100 miles, over eight- and nine-

thousand-foot peaks. Work ing the San 

Francisco bay area, 75 miles away, is a 

snap. A n d on April 1 and 29, 1968, I 

worked C E 3 Q G during two F-layer open-

ings with good results. 

Perhaps a six-meter quad is the answer 

to the crosstown contacts that occur on 

twenty meters at the full legal power lim-

it. W h y support the power company? Come 

on up, the air's fine. 

reference 

1. Bill Orr, W6SAI, "All About Cubical Quads," 
Radio Publications, Wilton, Conn., 1959. 
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Historical Collection, Union Title Insurance Company, San Diego, California. 

wireless 

point loma 

Want to reminisce 

for a moment? 

Then listen 

recall the early days 

of radio 
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The fog lifted early that morning of 12 
May 1906. A young Navy Chief Radioman, 
R. B. Stuart, unfurled a bright new flag and 
ran it up the mast of a new wireless sta-
tion atop Point Loma, California. Then he 
went inside the yellow cottage and pressed 
a telegraph key. With an ear-splitting, 500-
Hz crash (500 cycles in those days), a whitish-
blue spark jumped across the ten-inch gap, 
and the U. 5. Navy wireless was officially 
on the air. 

This station was one of many estab-
lished on the West Coast for the Navy dur-
ing 1902-1903. The call sign, "I L (later to be 
changed to NPL), was familiar to radio of-
ficers on ships hundreds of miles at sea as 
they steamed up the Mexican Coast from 
Cape Horn. (The Panama Canal was still 
a dream then—the first ship went through 
in August, 1914.) 

The romance of those early clays of 
marilime wireless was recalled for local 
San Diego amateurs as Chief Stuart, an 
engineer with the Eleventh Naval District 
for many years, told his story when the 
U. S. Navy Electronics Laboratory ground-
breaking ceremony occurred at the old 
Poinl Loma wireless-station site on 24 
June 1949. 
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The old radio shack where Chief Stuarl 

first put TL on the air was now a trans-

portation office. The old Massie spark 

transmitter was gone, as were some of the 

more advanced transmitters that super-

seded it in later years. In the weeds around 

the old site you could still see remains of 

angle-iron anchors where the old towers 

once stood. 

All was now gone except for the mem-

ories of the whining notes of rotary-gap 

transmitters, not-so-whining notes of non-

synchronous straight gaps, and the sweet, dc 

whistle of the old Poulsen arcs. Sound 

maudlin and corny? Perhaps. But let me 

the cenlury to World War II, was a fellow 

with a unique talent. 

He could sit in a stuffy, five-by-nine-foot 

shack on an old rusty coal-burning tub 

and copy press at thirty words per minute 

on a beat-up Remington (provided by the 

owners if they felt like it; else he used his 

own). A! the same time, he could carry on 

a conversation with the mate about their 

plans when the ship anchored in Manza-

nillo, while listening with one ear for his 

call sign on the 500-kHz guard band. 

(Split phones, you know.) 

If they were in a heavy seaway, the old 

kettle would list fifteen degrees, and his 

Point Loma station 
about 1905 with a co-
herer on the left. 
There's a hot-wire am-
meter on the wall in 
back of the oscillation 
transformer; the glass-
insulated transmitting 
capacitor is below. 

3 * 1 

tell some of you youngsters with your solid-

state receivers and strip-line devices about 

these radio operators in the early days of 

wireless. 

the pioneers 
A commercial radio operator working 

in the maritime service, from the turn of 

bug would hang up on the dots, but Chief 

Stuart, at TL, couldn't tell the difference 

because the shipboard transmitter was be-

ing worked by a radio operator. It would 

have been great to use a mike and talk 

his message. Then he could have used 

that bug hand to pour his coffee and light 

his cigarette with the other. Yes, those fel-
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lows were somewhat handicapped in those 
days. But they were radio operators . . . 

As I said, all was gone when Chief 
Stuart told his story, as were most of the 
operators. Si Slocum, W6JH, passed away 
a few years ago, as did Chief Stuart. A 
few of the early operators are still around, 
though. One is Fred Nickel, W6CKZ, and 
Admiral Ellery W. Stone, USNR (Ret.) who, 
as a young lieutenant in the USNR, wrote 
"Elements of Radio Telegraphy." 

early detectors 
Across I he room from Ellery, as he wrote 

the book, were the old copper helix and 
the marble-insulated switch panels. His 
desk was probably not much different from 
the earlier ones, which held the coherer de-
tector, operated by tapping its glass tube 

Early Naval stations on the West Coast 

NPA Cordova, Alaska 
NPB Sitka, Alaska 
NPC Bremerton, Washington 
NPD Tatoosh Island, Washington 
NPE North Head, Washington 
NPF Cape Blanco, Oregon 
NRG Mare Island, California 
NPH Vladivostok, Siberia (temporary) 
NPI Farallon Islands, California 
NPJ Balboa, Canal Zone 
NPK Pt. Arguello, California 
NPL Pt. Loma, California 
NPM Pearl Harbor, Hawaii 
NPN Guam 
NPO Cavito, Philippines 
NPP Peking, China 
NPQ St. Paul, Alaska 
NPR Dutch Harbor, Alaska 
NPS Kodiak Island, Alaska 
NPT Olongapo, Philippines 
NPU Tutuila, Samoa 
NPV Seward, Alaska 
NPW Eureka, California 
NPX San Pedro, California 
HPY St. George, Alaska 
NPZ Puget Sound, Washington 

The call letters of Naval stations at yet an earlier 
period were: 

TA Cape Blanco, Oregon 
TD Tatoosh Island, Washington 
T E North Head, Oregon 
TG Mare Island, California 
TH Farallon Islands, California 

Tl Goat Island, California 
TJ P(. Arguello, California 
TL (also TM)Pt. Loma, California 

with a doorbell clapper. This marvelous 
device would then uncohere the silver fil-
ings so the detector would receive again. 
II was a pretty slow business. 

Other detectors were the magnetic de-
tector, (which had to be rewound ever so 

In the early days, amateurs often worked 
Naval and commercial stations. Gene Skin-
ner used this station in San Diego in 1909 
under the call " E S " to contact Navy ships 
in Magdalena Bay 500 miles away. 

often), the galena, silicon, or carborun-
dum. After every message the galena 
would become desensitized because of the 
local large currents produced by the trans-
mitter, The operator would then have to 
feel around on the surface of the crystal 
with the cat-whisker for another sensitive 
spot. You can well imagine the experience 
of the midwatch operator, who had just 
arrived at the station, after winding his 
way up the muddy canyon road in a horse 
and buggy, He'd probably been on liberty 
down in the small community of Roseville 
where he'd had a few beers. He was shak-
ing so badly from the effects of the beer 
and cold thai he wasn't in any condition 
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lo fuss around with anv cat-whisker. 

In those days the operators at TL did 
their own cooking, and many local resi-
dents lost chickens to night foraging par-
ties from the station. In the daytime, the 
rabbit population of the Point would 
bounce out of sight as the operators with 
their shotguns approached, almost in the 
exact spot where Richard Henry Dana and 
a companion had hiked up over the point 
eighty years before. 

Diego paper to the ships at sea, with " C Q 
de NPL-Press." Wireless operators on oil 
tankers, passenger ships and cruisers ad-
justed their cat-whiskers and began to 
copy the messages to put them in touch 
with the world. Point toma's voice was 
available for both civilian and Navy traf-
fic until 1915, when a German Telefunken 
transmitter was installed, and the old 
spark gap was silenced for all time, only 
to linger in the memories of many old-time 

' b JS >,* 

Joe Hailoek, WTYA, 
Portland's now-retired 
FCC inspector standing 
on top of the 604-foot 
NPL tower In 1916. 

the great white fleet 
In 1908, NPL took part in wireless experi-

ments with the Great White Fleet, which 

was sent around the world by Teddy 

Roosevelt. The Fleet had been working its 

way up the coast of Mexico to the coaling 

station at Magdalena Bay in lower Cali-

fornia, and local amateurs competed with 

TL in contacting the ships. Dr. Lee De 

Forest was on board one of the ships, the 

USS Connecticut, the flagship. He had his 

audion-tube receiver aboard. 

These early experiments with the USS 

Connecticut were soon forgotten as the 

station later was busy with its growing 

traffic, or was sending news from the San 

wireless hams around San Diego who had 

hiked out to the station to watch. 

Mr. Eugene Skinner remembers riding out 

to the station in 1909 on his motorbike 

after working TL on his spark rig. A couple 

of other early amateurs who used to con-

tact TL were Harry Gough, K6AJ, and the 

late Carl Rogatsky, W6PG. These memories 

wiff probably bring letters from many of 

the old ops who listened to the sweet, 500-

cycle note blasted through the air from the 

old Telefunken transmitter, which was in-

stalled in 1915 in Chollas Heights, east of 

San Diego. 

ham radio 
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universal 
flea-power 

transmitter 
With QRP societies claiming record mem-
berships and ham magazines reporting 
flea-power DX over increasingly long ex-
panses, many amateurs are tinkering 
with low-power circuits. The basic prob-
lem with most published designs is that 
the oscillator circuits are crucially de-
pendent upon the L/C factors and related 
components. 

The result is a circuit that will pro-
duce outstanding performance on 80 met-
ers, but simply refuses to oscillate—with-
out major circuit overhaul—on 160 or 20. 
The universal circuit illustrated in fig. 1 
overcomes this long-standing obstacle to 
true amateur-band flexibility. 

five bands 
By creating a parallel resonance, fun-

damental mode, a simple transistor os-
cillator can be built which will perform 
realiably over the range from 1 to 21.5 
MHz. If you add tuned circuitry at the 
frequency desired, you can be on any ham 
band in that range. 

By using an extremely simple oscillator 
—with no tuning circuits—frequency drift 
due to aging and external ambient varia-
tions has been eliminated. The 22-pF 
variable stabilizes initial frequency shifts; 
it's a preset adjustment and doesn't have 
to be accessable from the front panel. 

Similar in design to a Pierce oscillator 
with an emitter-follower inserted between 
the base of the second transistor and the 
crystal, the wide-band approach increases 
input impedance at the crystal input to 
the transistor. This impedance is normal-
ly quite low when compared with crystal 
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characteristics. As frequency increases, the 
two emitter bias circuits aid in reducing 
gain attenuation. 

The only way this wide-band oscillator 
can be upset from the stability stand-
point is if the battery supply voltage 
fluctuates (you can easily cure any prob-
lems here by inserting a zener diode). 

Referring to fig. 1, note that the output 

fig. 1. Circuit diagram for a flea-
power transmitter for 160 through 
20 meters. 
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circuit is tuned to 14 MHz. This is in-
cluded here only for practical purposes. 
The tiny transmitter can be put on the 
air directly from this diagram—or you 
can adapt the output for any band you 
want. 

Note that the transmitter is dependent 
on fundamental-frequency crystal oscilla-
tion. Doubling or tripling action is not 
recommended, unless a more elaborate 
output stage is added. 

ham radio 
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the ideal 

t-r switch 

You can modify 

any t-r switch 

to provide 

instant break-in and 

best signal reception 

at reasonable cost 
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Two methods are in general use for pro-
viding an antenna in an amateur sta-
tion installation. One is to use separate 
antennas for transmitting and receiving. 
Most amateurs interested in top receiver 
performance rule out this possibility, pre-
ferring instead to have the advantage of 
?ain and directivity of their transmitting 
antenna for receiving. The other method is 
to use a single antenna for receiving and 
transmitting, and switch the antenna be-
tween receiver and transmitter with a re-
lay or electronic transmit-receive (t-r) 
switch. 

Both methods have advantages and 
disadvantages. For the cw operator, a t-r 
switch allows full break-in operation, 
which is necessary for traffic, net, DX and 
contest operating. If you've ever used full 
break-in, you can appreciate how nice it 
is to be able to monitor what's going on 
in the way of competition as you listen 
between code characters. But the t-r 
switch h,is one drawback. No t-r switch is 
as efficient as a direct connection be-
tween antenna and receiver. Many opera-
tors, therefore, compromise full break-in 
capability in favor of the best possible 
weak-signal performance and use an an-
tenna changeover relay. 

In this article I've presented the modi-
fication of a commercially available l-r 
switch to combine the advantages of elec-
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tronic switching with those of an antenna 
changeover relay. The technique can be 
used with any commercial or homebrew 
t-r switch. 

When I was faced with this choice, I 
wanted to have my cake and eat it, as 
usual, so I decided to combine the an-
tenna relay with the t-r switch for the 
ideal combination of antenna change-
over. The resulting improved t-r switch 
provides the capability of full break-in 
plus allowing direct connection of the an-
tenna to the receiver. 

the same, with only the mechanical con-
siderations being different. 

the change-over relay 
The antenna changeover relay I used 

was a Potter and Brumfield KT11A, for 115 
Vac operation. This dpdt re/ay has per-
formed perfectly since its installation. One 
pole is used to switch the unbalanced 
coaxial feedline, and the other controls 
the transmitter. This provides a safety fea-
ture, because the transmitter can't be 
turned on until the relay removes the re-

fig. 1. Modifications to 
the Johnson t-r switch are 
shown by the heavy lines. 
Relay K11 is Potter & 
Brumfield KT11A (115 
Vac). 

VIA 1/2 SSL? Via 1/2 68L7 
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the t-r switch 
The switch I used for this application 

was the Johnson model 250-39 t-r switch. 
It is compact, reliable, and inexpensive and 
performs well. Furthermore, exactly the 
right amount of vacant space is available 
in the case to accommodate the antenna 
changeover relay, and just the right 
amount of space is on the front panel for 
the required new connectors. 

I refer to this particular t-r switch in the 
following discussion, but any t-r switch, 
either commercial or homebrew, can be 
used. The electrical connections will be 

ceiver input from the antenna feedline. 
The transmit switch operates the relay, 
one pole of which turns on the transmit-
ter B plus. 

construction 
The changes to the Johnson t-r switch to 

add the relay are shown in fig. 1, with 
the modifications indicated by heavy 
lines. TS11 is a bakelite terminal strip, and 
J11 and J12 are RCA phono connectors. These 
carry control circuits, and any suitable 
substitute can be used. An spst switch 
connected to the terminals of TS11 is the 
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transmit switch. J11 provides the ground-to-
transmit function to activate the trans-
mitter. 

If the transmit control for your trans-
mitter requires this iine to be off ground, 
then another terminal strip or an un-
grounded connector can be used to carry 
this control line. J12 provides a ground on 
the receive function, which may be used 
to mute the receiver for phone operation. 

connections to the station 
To connect the t-r switch into your sta-

tion, make the three coax connections (to 
receiver, transmitter, and antenna) as in-
dicated on the t-r switch front panel. Con-
nect the station transmit control switch to 
the terminals of TS11. Connect J11 and J12 as 
described for transmitter and receiver con-
trol. It's that simple; you're now ready to 
go. 

operation 
With the station-control switch in the 

standby position, the antenna is relay-
connected to the receiver, and the trans-
mitter is switched to standby by the same 
relay. This provides best weak-signal re-
ception. When the station-control switch is 
in the transmit position, the receiver is 
disconnected from the antenna and con-
nected to the t-r switch output. At the 
same time, the transmitter is relayed on, 
ready for full break-in operation. 

The photo shows the inside of the t-r 
switch with the added relay and connec-
tors. It makes a very neat package. If you 
prefer not to modify your t-r switch, an 
external antenna changeover relay can be 
wired to provide the same switching ac-
tion. A Dow-Key model DK60-2C can be 
used, with the relay's auxiliary contacts 
wired for transmitter control in the man-
ner described. 

The cost of the relay and connectors for 
modifying the t-r switch comes to about 
$4.25. The complete t-r switch described 
here can be duplicated as shown for a 
little less than $35. It's a low price to pay 
for the versatility and good performance 
obtained. 

ham radio 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back / 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course Is primarily 
lor Commercial License qualifications. But it 
does cover some of the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 

RCA INSTITUTES, INC. 
Dapt, HR-49 
320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. | 

Name 

Address. 

City -State- - Z i p -

I I 
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knight-kit 

power inverter/charger 
Most amateurs, when they want to operate 
mobile or portable, buy one of the acces-
sory dc-to-dc converters that goes along 
with their transceiver. The price will vary 
all the way from seventy to two-hundred 
dollars, depending on the manufacturer and 
power output that is required. A dc-to-dc 
cons'erter that is designed specifically for a 
piece of equipment is probably the best ap-
proach for daily mobile operation, but if 
you only mobile occasionally or operate 
portable only on field day, you probably are 
reluctant to spend the money for a dc-to-dc S? 
converter that more or less is limited to one ° 
particular piece of gear. 3 j 

The KG-666 Power Inverter/Charger kit, ^ 
o 

manufactured by Knighlkit, is the ideal an- J& 
swer to the amateur who only wants (or .£ 
needs) to operate on battery power occa-
sionally. When operated from a 12-volt bat- ™ 
tery, this unit will provide 200 watts of 110- m 
Vac power. In addition, when you're not £ 
operating mobile or portable, the power in- Q 
verter/charger can be used for powering ^ 
soldering irons, drills or even television sets ^ 
from a 12-volt battery; or it may be used as 
a battery charger with a self-regulating bat- ~ 

tery charge tapering from 6 amps. If 200 watls 
isn't enough to handle your requirement, 
two of the KG-666's may be connected in 
parallel. The ac output of the inverter is 55 
to 65 hertz depending on load and battery 
voltage; the tapped secondary permits selec-
tion of 105 or 120 volts. 

A simplified circuit diagram of the KG-666 
is shown in fig. 1—the switch is in the in-
verter position. The switch across the trans-
former secondary selects either 105 or 120 
Vac output. When the switch is turned on— 
with the unit connected as an inverter as 
shown here—the four 2N443 transistors are 
heavily forward biased by the 200-ohm re-
sistor in the center tap of the transformer 
feedback winding. Since the transistors are 
not exactly matched, one of the parallel-
connected sets will conduct slightly more 
than the other set, and will initiate oscilla-
tion. As soon as base current begins to flow 
through the feedback winding, the diode in 
the center tap of the feedback winding is 
forward biased, and reduces bias to a lower 
level. 

The transistors are protected from switch-
ing transients by the 2-mF capacitor and the 
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two back-to-back diodes connected across 
the primary of the transformer. In the diode 
despiking circuit, the 50-/iF capacitor is 
charged to the peak voltage across the wind-
ing, and the two diodes are reverse biased. 
Any transients that tend to exceed the volt-
age stored in the capacitor are short circuited 
through the diodes. 

The square wave ac output of the inverter 
is converted to pulsating dc by the diode 

circuit. 
The KG-666 is extremely compact, measur-

ing 8 inches wide, 4-3/4-inches high and 8'/4 
inches deep. Total weight is 8 pounds. Bat-
tery connections are provided on the front 
panel through two large thumb-screw ter-
minals. Two standard ac outlets on the front 
panel provide either 115 Vac or Vdc. 

If you are interested in a utility emergency 
power supply for your shack, the KG-666 is 

24 
CIRCUIT 
MEMOR 

Simplified schematic diagram of the Knight-Kit 
KG-666 Power Inverter/Charger kit. 

bridge. This output is useful for equipment 
that does not operate efficiently from square-
wave ac such as the universal motors com-
monly found in electric shavers and inex-
pensive drill motors. 

When the inverter/charge switch is pushed 
over to the charge position, the feedback 
winding is not in the circuit anymore; 115 to 
120 volts is applied to the input through a 
2-amp circuit breaker. When the KG-666 is 
used as a battery charger, the inverter trans-
former is used as a stepdown transformer to 
12 Vac. The base of each transistor is con-
nected to its emitter through the inverter/ 
charge switch and two transistors are used as 
diodes in each leg of the full-wave rectifier 

worth looking into. It can be used to keep a 
large 12-Vdc automobile battery charged 
when 115-Vac power is available. If you 
should have a power failure, simply plug in 
your transceiver, transfer the switch to the 
inverter position and you can be on the air. 
At available full load—200 watts for the 
KG-666—the total load on your battery is 
about 20 amps. However, this assumes a con-
stant load. With ssb or CW operation, the 
duty cycle is fairly low, so battery life should 
be relatively long. Vou should be able to es-
timate expected battery life depending on 
the transceiver you're using and the size and 
age of the storage battery. 

ham radio 
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propagation 

predictions for april 
During the past six months, amateurs in 
the Northern Hemisphere have enjoyed ex-
cellent daytime propagation on the high-
er bands (20, 15 and 10) and excellent 
nightime conditions on the lower bands 
(40, 80 and 160). Ten has been open al-
most every day; absorption has been low 
enough that 20-meter contacts could be 
made over the pole to stations in the 
Northern Hemisphere almost any time 
(muf's permitting) during quiet magnetic 
conditions; noise levels have been l o w . . . 
it was too good to last. 

Seasonal changes begun last month 
should be complete by the end of this 
month. Accordingly, 160-meter maximum 
range predictions are being dropped in 
favor of 15 meters. Actually, a radio 
amateur with only modest equipment 
should be able to work anywhere in the 
world on 15 meters if the path is in sun-
light and not within 30° of the North 
Pole. However, eventually even a 15-meter 
signal is absorbed, usually just after the 
first transit of the earth. The 15-meter 
range predictions are based on the same 
station parameters as 20 meters, 100 watts 
CW and a 6-dB gain antenna. 

working through the twilight zone 
The 15-meter band curves suggest the 

likelihood of round-the-world propagation 
(RTW), which may be more an annoyance 
than a useful propagation path. This is 
because some signal component with 
much less time delay is usually present, 
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and the combination usually has at least 
two components with relative delays up 
to 1/7 second, causing difficult copy. The 
muf over the entire path does not have 
to exceed the operating frequency, but the 
muf at the end control points does. 

If you wish to verify the existence of 
RTW you should first find yourself a part-
ner—unless you have two beams and a 
receiver which will recover in much less 
than 100 milliseconds. The two stations 
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fig. 1. Maximum range vs local time for propagation 
to the north from mid-latitude United States (38° N). 
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LOCAL TIME 

fig. 2. Maximum range vs local time for propaga-

tion to the northeast (top time scale) and the north-

west (bottom time scale). 

fig. 3. Maximum range v« local time for propaga-

tion to the east (top time scale) and the west (bot-

tom time scale). 

fig. 4. Maximum range vs local time for propaga- fig. 5. Maximum range vs local time for propaga-
tion to the southeast (top time scale) and the south- tion to the south from 38° N latitude, 
west (bottom time scale). 
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fig. 6. Time chart of pre-
dicted median muf for 
April 1969, centered on 
90° W longitude. 

ideally should be within each other's 
skip zones (600 miles). Pick a time from 
the maximum range charts for the maxi-
mum distance in the direction (and re-
verse direction) you intend to work. Best 
R T W conditions usually exist near the 
dawn/dusk line (NW-SW near sunset, NW-
SE after sunrise). T h e pos i t ion of the twi-
light zone in the E-region is marked on 
each chart. The two stations should point 
their beams in opposite directions, and the 
station with the most power or noisiest 
location should transmit C W or ssb, and 
the other station should listen for an echo. 

fig. 7. Muf vs time of day 
scaled from April 1968 
vertical-incidence iono-
grams from Pt. Arguello, 
California. 

8 10 12 14 IS It 20 22 24 
LOCAL TIME 

If the direct or scattered signal and the 
R T W signal are about the same ampli-
tude, code copy at speeds much in excess 
of 15 wpm may be difficult. Listening to 
such a signal the first time is an eerie 
experience. 

maximum usable frequencies 
The predicted median F2-layer 4000-

kilometer muf's for April 1969 are shown 

in the time chart of fig. 6, which is cen-

tered on 90" W. longitude. These muf's 

may be pessimistic if ionospheric sound-

ings made last Apri l at Point Arguello, 
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California are typical of what can be 
expected this April. Fig. 7 shows a com-
parison between muf's vs time of day 
scaled from Point Arguello ionograms on 
April 1, 10 and 20, 1968 and the median 
muf (4000) F2 predicted by ITS for the same 
point. 
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fig. 8. Muf vs day of month of April 1968 for hours 
of 0500, 1300 and 2100 local time scaled from Pt. 
Arguelfo ionograms. 

A better idea of conditions that may 
occur during the month may be gained 
from referring to fig. 8; this graph shows 
the muf's at 0500, 1300 and 2100 local 
time for each day of April 1968 along 
with the daily average magnetic index, 
Ap. Magnetic storms occurred on April 1; 
1300, April 5 (gmt) to 1800, April 7; 0400, 
April 12 to 2100, April 14; and 2100, April 
25 to 1100, April 28. Interestingly enough, 
the storm with the highest magnetic index 
wasn't the one that affected propagation 
the most. From April 21 to 28, the bottom 
dropped out of the nightime ionosphere. 

Sporadic-E and spread-F were prevalent. 
Vertical incidence critical frequencies were 
below 3 MHz during most of that period 
as early as 2100 local time. 

I can't predict whether such a storm 
will occur again this April. However, ig-
noring disturbed days, two trends appear 
on fig. 8. The 1300 muf decreases through-
out the month while the 2100 muf in-
creases. Twenty meters will probably be 
open to somewhere 24 hours a day dur-
ing quiet conditions. 

vhf 
Transequatorial (TE) 50-MHz evening 

openings should continue through the 
month. Some sporadic-E is likely near the 
end of the month. The Lyrids meteor show-
er is expected between April 19 and April 
23. Long distance tropospheric ducting 
across the Gulf of Mexico is predicted for 
two meters and higher frequencies. 

ham radio 

those days before spark. 

"I triad mobile once . . . 
yuh run into a lotta problems." 
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tebook 

coaxial feedthrough panel 
Devising a simple and uncluttered method of 
bringing coax feedlines and rotor control 
cables into the shack is always a problem. 
After using a haywire lashup for years, I 
solved the problem neatly and efficiently with 
a small wall-mounted panel. Every wire ex-
cept ac power is brought into the operating 
room through this panel. 

-iT11' , 

The panel is made of 1/8-inch tempered 
masonite, 4 inches high by 9 1/2 inches wide. 
The coaxial feedthrough connectors are PL-
258 straight adapters (Amphenol 83-1 J) 
mounted snugly in a hole made with a 5/8-
inch punch. Epoxy cement is applied around 
the connectors on the rear of the panel and 
will hold them in place forever if the epoxy 
is properly and thoroughly mixed. 

The two Jones plugs which show in the 
photograph are used for control lines to an-
tenna rotators; the small round plug is used 
for a remote swr meter. The metal strap is 
connected to a ground rod outside the house. 

The panel may be painted with a spray can 
to match the decor or equipment. It is 
screwed to the wall over a 3 x 8 1/2-inch cut-
out in the wall near the radio desk; the co-
axial cable and rotator control leads pass 
through the wall partitions to the oulside. 
This panel is rather elaborate since it has six 
antenna lines and two rotor lines, but a 
smaller one for a simpler setup could be in-
stalled over a standard ac wall outlet box. 

Edwin W. Hill, W3URE 

T150A frequency stability 
If your Knight T150A transmitter is chirping 
or showing other signs of instability, look for 
trouble in the voltage regulation circuit. The 
original circuit uses a 4000-ohm voltage-
dropping resistor for the OA2 VR tube; this 
allows excessive current through the OA2 and 
causes early breakdown, removing regula-
tion from the vfo and following stage. In my 
unit there was a five-volt variation! 

To correct the problem, remove the 4000-
ohm, 20-watt resistor (R37) from its mount-
ing hole and install a 7-pin miniature socket 
in its place for an additonal VR tube (V9). 
Mount two 8000-ohm resistors vertically on 
top of the chassis near the VR tube socket and 
drill some holes in the chassis to accommo-
date wiring to them. 

W PLATS CIRCUIT 

VZ SCR 

t360V 
0 

WHITE »T«f WITH RED 
TTUtXR FROM SIA 

Connect the white wire with red tracer 
(formerly connected to R37) to a new termi-
nal strip mounted under the chassis; run 
leads from this point to the two new resistors 
on top of the chassis. Now wire the two VR 
tubes as shown in fig. 1. Be sure to install 
another .005 mF disc capacitor across V9. With 
these simple changes, you should have no 
further troubles with instability. 

Af Mumby, WB2MCP 
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dual-voltage power supply 
Here is a regulated plus-and-minus power 

supply that uses a National Semiconductor 
LM-300 sntegTated-cucuit vo l tage regulator. 
By changing the values of R2 as shown in 
fig. 2, the output voltages are ±10, ±12 or 
±15 volts. The transformer charges the input 
capacitors to nearly 25 volts at light loads, 
so there is no problem in obtaining 15 volts 
output. The positive supply is regulated by 
the LM-300 while the negative supply is 
"slaved" to the positive one. The slaved 
supply will follow the positive supply from 
4 to 15 volts, but maximum output current is 
less at higher output voltages. 

With +10 volts output at 600 mA, the out-
put resistance is 0.07 ohms; ripple is less than 

2 mV rms. The output resistance of the slaved 
negative supply at —10 volts at 600 mA is 
0.01 ohms with less than 2 mV ripple. Line 
voltage regulation is about 1500:1 with either 
supply. Current limiting in the positive supply 
is controlled by the series-connected 0.22-
ohm resistor; a 1-ohm resistor here will cur-
rent limit the supply to 200 mA. 

The input capacitors specified on the 
schematic are best buys if you're interested 
in small size and low price. John Meshna, 21 
Allerton Street, Lynn, Mass. 01904, has some 
big ones for a dollar that are very good, but 
a new Sprague type 36D 5500 /uF only costs 
$2.25 and is about the size of a 2E26. 

Hank Cross, WIOOP 

fig. 2. Slaved power supply provides both positive and negative sources with one voltage-regulator IC. Output 
voltage depends on value of R2: ±10 V, 600 mA, R2 = 10k; ±12 V, 500 mA, R2 = 13k; ±15 V, 250 mA, R2 = 17k. 

C1, C2 value depends on current required. 2000 ^F, C3 zener noise filter; over 10/tF at more than 3 
25 V for 425 mA; 2700 fiF, 25 V for 600 mA; working volts 
5500 ftF, 25 V for 900 mA (Sprague type 36D 
or 39D, or Mallory type CQ) R1 sets current limit; 0.22 ohm for 600 mA; 1 ohm 

for 200 mA 

april 1969 flgj 71 



signal/one 

The new Signal/One CX7 communications 
package provides a number of operating ca-
pabilities heretofore unavailable in an ama-
teur-band transceiver. This "integrated ama-
teur station" package covers seven 1-MHz 
frequency bands in the 1.8 to 30 MHz range 
as well as receive-only on 50 to 51 MHz. 

The CX7 is completely solid state except 
for the final power amplifier. The conven-
tional frequency dial is replaced wilh an in-
tegral frequency counter that provides direct 
frequency readout with 100 Hz accuracy. Two 
permeability-tuned oscillators provide the 
1-MHz tuning range with ample overlap on 
each band; the tuning rate is 25 kHz per knob 
revolution. The unit may be operated trans-
ceive with either vfo; on split frequencies 
using both vfo's; transceive on either vfo 
plus independent receive-only on the other; 
or transmit-offset transceive where the trans-
mitter frequency tracks the receiver and may 
be instantly offset up to ± 5 kHz from the 
receive frequency. 

Receiver sensitivity is better than 10 dB 
signal-plus-noise-to-noise ratio for 1/3 /A/ 
input at 29 MHz (2-kHz bandwidth). Excellent 
selectivity on ssb: 2 kHz at —6 dB and 3 kHz 
at —60 dB—is a result of two cascaded 8-

crystal lattice filters. Ultimate attenuation 
and image rejection are greater than 80 dB; 
i-f rejection is in excess of 60 dB and internal 
spurious are less than 1 /*V equivalent. 

The hang-type age system results in less 
than 6 dB audio output change with signal 
levels from 1 fj.V to 100 mV. The hang time 
is selectable, 100 milliseconds or 1 second. 
The receiver exhibits good front-end dynamic 
range; a 10 nV desired signal is modulated 
less than 10% by an unwanted 10,000 nV 
signal 10 kHz away (modulated 30% at 400 
Hz), or by a similar 100,000 /xV signal re-
moved 5%. 

Passband tuning is accomplished by vary-
ing the actual i-f frequency up to 2 kHz above 
and below nominal; tracking error (received 
signal shift) is unmeasurable. The receiver 
also features dual receive—two receive chan-
nels usable separately or simultaneously with 
a continuously variable relative rf gain con-
trol. Either channel may be used for trans-
ceiving and Ihe other for receive-only. 

The transmitter section of the CX7 is rated 
at 300 watts PEP input with adjustable rf 
speech clipping for exceptionally good ssb 
performance; the transmitter will also op-
erate on CW and fsk. The power amplifier 
stage is broadbanded for the amateur bands 
from 1.8 to 29.7 MHz so no tuning is required 
if the load swr does not exceed 1.5:1. For 
non-amateur frequencies or excessive swr's, 
an internal matching network may be 
switched into the circuit. 

Other features of the new CX7 are a built-
in noise blanker with adjustable threshold, 
built-in electronic keyer for 5 to 50 wpm, 
built-in power supply for 115/230 Vac, push-
to-talk or fast-atlack vox, instantaneous 
break-in CW, fast key-up receiver recovery 
independent of age hang time, and metering 
of rf clipping, drive level, plate and screen 
current and forward and reflected power. 
Optional accessories include CW and fsk 
filters, mobile mount and dc adapter, minia-
ture mobile control head, station console and 
vhf adapter. 

Price for the standard CX7 is $1495. For 
more information, write to the Marketing 
Manager, Signal/One Division, 2200 Anvil 
Street North, St. Petersburg, Florida 33710. 
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a second look fish 

Although the serious DX'ers make up a small 
percentage of all the licensed amateurs, they 
are probably more active and make more 
noise than all the rest of us put together. 
You may be able to work the world with an 
S-40A receiver and a DX-20, but you'll never 
crack a Gus pileup with that gear, even when 
conditions are right. The big-gun DX'er takes 
country chasing very seriously and has the 
QSL's and D X C C to prove it; but what do you 
do when you've worked them all? Hang up 
your mike and key and go back to 75-meter 
phone? Not by a long shot, Charlie! You 
generate a new award and send everybody 
back to the starting grid. 

Amateur radio covers the world, but there 
is only one international award, "Worked 
AIJ Continents," and that was created in 1925 
by the International Amateur Radio Union. 
The number of amateurs who could put 
" W A C " on their QSL card in the 1920's was 
pretty s l im—WAC was real attainment. To-
day, if conditions are right, a well-equipped 
station can work all continents simultan-
eously in a single roundtable. 

In 1966 a group of European amateurs— 
lead by Gerard de Buren, HB9AW/WA6QAU 
—got together to set up a new international 
award that would require activity on all 
bands. Gerard is station manager of 4U1ITU, 
the International Amateur Radio Club station 
in Geneva. Gerard thought it was time to put 
together an award on an international basis 
with emphasis on multiband operation; he 
talked up the idea and was encouraged by 
interested amateurs all over the world. 

He prepared the first draft of rules and 
presented them to a small working group in 
London in late 1968. From there on it was up 
to the 27 board members of the International 
DX Organization. The rules for the new 
award, the International Call Areas Award 
(ICAA), have two very important points: ITU 

regulations will be followed to the letter and 
no credit is given for normally uninhabited 
rocks or reefs. This means that a contact with 
a station in San Marino using an M1 call will 
not count for ICAA because it is in the call-
sign block allocated to Great Britain. AC4, 
PX1 and 7G1 fall in the same category. 
Examples of uninhabited islands that are not 
on the ICAA list are Bajo Nuevo, Malpelo, 
Clipperton and Heard Island. 

The current ICAA list has a total of 444 
call areas: the large number is generated by 
certain countries that are expanded because 
of a large amateur population or wide-spaced 
geographical area. The United States, for ex-
ample, is broken into the 48 continental 
states for the purpose of the award. Australia, 
Canada, Germany, and Japan, as well as sev-
eral others are "expanded" in a similar way. 

The ICAA is issued in four classes: class I 
for 400 call areas and 1500 points, class U for 
300 call areas and 1300 points, class III for 
200 call areas and 900 points, and Class IV 
for 100 call areas and 500 points. Interconti-
nental contacts on 1.8 MHz count 10 points 
(5 points if within the same continent). Con-
tacts on 3.5 MHz count 3 points, contacts 
on 7 MHz count 2 points and contacts on 
ten, fifteen and twenty meters count one 
point per band. All contacts must date after 
January 1, 1969. 

Two official ICAA record books are neces-
sary for each award; one is used for the appli-
cation and the other for your files. Tentative 
price for the two record books is $3. In addi-
tion, a registration fee of $2 is required from 
each applicant. If you're interested in chasing 
a new DX award that is in tune with today's 
technology, write to the International DX 
Organization, Post Office Box 543, 1211 
Geneva 3, Switzerland. 

Jim Fisk, W1DTY 
Editor 
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a potpourri of 

integrated circuit 
applications 

Here is a collection 

of more than fifty 

linear integrated-circuit 

applications 

for audio, 

i-f and rf, 

oscillators, 

voltage regulators 

and 

radio communications 
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Integrated circuits offer many unique pos-

sibilities in amateur equipment that are 

impractical (and often impossible) with 

conventional solid-state techniques. They 

simplify many circuits and let you do the 

same job at less cost—although the in-

nards of one IC may be many times more 

complex than anything you would be will-

ing to build on your bench. 

This article brings together a variety of 

circuits to give you an idea of what can 

be done with today's linear IC's. The cir-

cuits were collected from a number of dif-

ferent sources including manufacturer's lit-

erature, engineering magazines, corre-

spondence with other amateurs and our 

own basement experiments. The intention 

is to provide a quick-reference source to in-

tegrated circuit applications that are es-

pecially suitable for radio communica-

tions. With all the integrated circuits that 

are currently on the market, it is impos-

sible to cover every type; however, we have 

tried to include a variety of low-cost read-

ily available devices. 

If you have never used integrated cir-

cuits before, there are several things to 

keep in mind. First of all, you can't use 

the same casual haywire breadboard lay-

outs that work ok with transistors and vacuum 

tubes; if you do, you'll have nothing but 

trouble. Remember that the IC has a great 

deal of gain in a very sfnall package. 

Also, the transistors used in an IC are 

typically rated to 400 MHz even if the IC 

is being used as an audio power ampli-

fier. Keep all the leads short, use good rf 

construction practices in all IC projects 

and use the bypass capacitors and de-

coupling resistors recommended by the 

manufacturer. 

Although it is less than 1 /8 " square, this 

integrotod-circuit die contains 22 transistors 

( including one power type), 10 diodes and 17 

resistors. 

Use particular care when making in-

put, output and power supply connections 

to the IC. Always think in terms of low-

resistance and low-inductance grounds 

and power supply leads. Bypass and fre-

quency-rolloff capacitors should be con-

nected directly at the device socket if pos-

sible. Make sure all power supply leads 

are properly bypassed (at the device), 

keep input and output leads short and 

shielded if necessary, and use one com-

mon tie point for all grounds. If you fol-

low these simple precautions, you should 

have a minimum of trouble with inte-

grated circuits "taking off" at some un-

wanted frequency. 
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Sockets aren't absolutely necessary, but 
they are recommended. If you don't use 
them in your first integrated circuit proj-
ect, you probably will on later ones! Sev-
eral manufacturers make sockets, includ-
ing Cinch-Jones, Elco and Augat; about 
the most inexpensive sockets are marketed 
by Motorola with the HEP line; they have 
sockets for 8- and 10-lead TO-5 cans plus 
sockets for the 14-lead dual-inline plastic 
package. 

+6 TO 9V 

OPTIONAL GAIN CONTROL 

fig. t. This high-gain audio pre-
amplifier uses a low-cost digital 
IC—an RTL dual buffer. 

audio preamplifiers 
One of the simplest audio amplifiers 

that can be built with an integrated cir-
cuit is shown in fig. 1. This circuit uses 
both sections of a digital IC—a dual RTL 
buffer—to provide gains in the range of 
5000 to 10,000 with output voltage swings 
between 2.5 and 6 volts. The HEP582 dual 
buffer has the collector load resistors built 
into the circuit so it's only necessary to 
add base bias and coupling capacitors to 
build an audio preamp. This IC really 
simplifies building a two-stage audio am-
plifier and is useful right after the detector 
in a receiver, as a mike preamp or as an 
oscilloscope preamp to increase scope 
sensitivity. The HEP582 can also be used 
as a broadband rf amplifier up to several 
MHz. 

The high-gain low-level preamplifier 
shown in fig. 2 uses an HEP592 dual pre-

amplifier that is designed for stereo pre-
amps. This IC is actually a dual opera-
tional amplifier, so the operational char-
acteristics of any circuit that it is used in 
are a function of the external feedback 
components. The frequency response of the 
HEP592 can be tailored to your specific 
application by careful selection of the 
feedback resistors and capacitors shown 
in fig. 2. The bandwidth parameters of the 
complete preamp are defined as shown in 
fig. 3; the three "corner" frequencies are 
set by the external components as indi-
cated by the three formulas. 

fig. 2. High-gain preamplifier using 
one-half of an HEP 592; frequency re-
sponse is set by the external feed-
back components as shown in fig. 3. 

fig. 3. Frequency response and volt-
age gain of operational amplifiers are 
set by the external feedback compo-
nents as shown here. 

ft ft 

J3 

ft 

fz 

fa 

Zrr R3 CZ 
J— 

With the feedback components shown in 
fig. 2, the response is essentially flat from 
10 Hz to 100 kHz. Voltage gain at 1 kHz is 
approximately 40 dB and the maximum 
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fig. 4. High gain audio preamplifier using a PA230. 
Frequency response characteristics are determined 
by the feedback components shown in fig. 3. Table 1 
shows typical values and performance characteristics. 

table 1. Frequency response and voltage gain char-
acteristics of the amplifiers shown in figs. 4 and 5. 

Bandwidth 
28 Hz—270 kHz 
28 Hz—230 kHz 
28 Hz—80 kHz 
28 Hz—25 kHz 

310 Hz—2700 Hz 

Voltage 
Gain 
27 dB 
36 dB 
38 dB 
41 dB 
40 dB 

C1 

10 (if 

10 ^F 

10 pF 100 pF 
1 fj.F 430 pF 

C2 

10 pF 
10 pF 
51 pF 

R1 

470 
470 
470 
470 

R2 
10k 
27k 
27k 
56k 

R3 
10k 
10k 
10k 
10k 

390 150k 120k 

The high-gain audio preamplifier shown 
in fig. 4 uses a General Electric integrated 
circuit, the PA230. This IC features ex-
panded operating temperature range, out-
put short-circuit protection, high voltage 
gain and low noise. The frequency char-' 
acteristics of the preamp circuit may be 
set using the criteria shown in fig. 3. Table 
1 shows the frequency response and 
voltage gain characteristics with various 
combinations of feedback resistors and 

output voltage swing is 5 volts rms. Since 
only one-half the HEP592 is used in fig. 2 
the other half (which is identical) may be 
used for additional amplification or for 
another amplifier channel. Channel sep-
aration is typically 58 dB. 

capacitors. The circuit in fig. 5 uses a 
PA230 and an inexpensive fet to provide a 
high input impedance high-gain micro-
phone preamp for communications work; 
the frequency response of this circuit is ap-
proximately 300 to 2700 Hz. 
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audio power amplifiers 
If you need a miniature half-watt au-

dio power stage, the circuit in fig. 6 should 
be of interest. This circuit uses a single 
IC—the RCA CA3020 or CA3020A—to pro-
vide 545 mW output with 45 mV input. 
The output from a solid-state product de-
tector or a-m detector usually provides 
enough drive for full output In this cir-
cuit the idling current is 22 mA, input re-
sistance is 50k ohms and total harmonic 

grated-circuit power amplifier you're apt 
to see. The PA234 is designed to operate 
with 9- to 25-volt power supplies into 8-, 
16- or 22-ohm loads. The voltage gain of the 
circuit depends upon the ratio of R2/R1; 
biasing is set by the ratio R2/R3. In addi-
tion to the resistors, three capacitors are 
required for input and output coupling 
and high-frequency stabilization. 

The ratio of R2/R3 must equal 10 for 
proper bias with a 22-V supply and to 

fig. 7. One-watt audio 
power stage using a 
PA234. Heat sink tab must 
be soldered to heat sink 
area not less than 2 square 
inches. 

25 OflF 

distortion at 135 mW output is 3 .3%. For 
more information on uses of the CA3020, 
see reference 18. 

The 1-watt audio power amplifier shown 
in fig. 7 is about the most simple inte-

fig. 6. Half-watt audio power stage. For 
most amateur applications the capacitors 
marked with an asterisk should be 0.25 
fiF; for better low frequency response, 
use 1-/xF nonpolarized capacitors. 

+ 9V 
Q 

AKGOfme 
174 

I 3.2 OHMS 

330 < IvF ,-p, < 06 

maintain good stabilization, R3 should 
not be greater than 100k. With the values 
shown in the circuit diagram, voltage gain 
is approximately 8 and a 600 mV input 
signal is required for 1 watt output. Dis-
tortion at 1 watt output is 3 % ; at 0.05 
watt output distortion is 0 .5%. 

When using the PA234, the power supply 
output filter should be as close to pin 10 
as possible with all other ground returns 
run separately to this point because com-
mon ground impedances can cause hum 
and distortion. Since the frequency re-
sponse of the amplifier extends from 30 Hz 
to 100 kHz, the 0.068-^F capacitor across 
the output is required for protection against 
oscillation. 

The Amperex TAA300 integrated-circuit 
audio power amplifier circuit shown in 
fig. 8 can deliver one watt into an 8-ohm 
load when powered from a 9-volt power 
supply. In this circuit the total harmonic 
distortion at 1 watt output is 10% ; total 
harmonic distortion at 0.5 watt is 3 % 
maximum. Input impedance is greater 
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than 10k ohms, and a 10 mV input signal 
will provide 0.7 watt output. A finned heat 
sink must be used when the TAA300 de-
livers one watt into an 8-ohm load; no 
heat sink is required if the load impedance 
is 16 ohms or greater. 

Although this circuit is designed for a 
+9-volt supply, the IC will operate satis-
factorily with power supplies down to 
+4.5 V. The variable resistor, R1, is ad-
justed for 8 mA total current drain with no 

fig. 8. Ampere* TAA300 1-watt 

audio amplifier. R1 is adjusted for 

8 mA total current drain with no 

input signal. 

input signal. When the circuit is fed from 
an ac power source, typical value for this 
resistor is 330 ohms; when a battery sup-
ply is used, it is preferable to use a smaller 
value because of the resistor's affect on 
operating current stabilization at low bat-
tery voltages. 

Do not short or use too low a resistance 
value for R1 when setting the no-signal 
operating current. Start with a large resis-
tance—approximately 25k—and reduce 
the value in small steps to arrive at the 
correct operating point. A 2.2k ohm re-
sistor should be connected in series with 
R1 initially to protect the circuit in case 
the adjusting potentiometer is rotated to 
the zero resistance position. 

The audio power amplifier shown in fig. 
9 uses an integrated circuit that was de-
signed to amplify signals to 300 kH? with 

1.8 watt delivered into a direct or capaci-
tively coupled load. The HEP593 IC fea-
tures low harmonic distortion—0.4% typi-
cal at 1 watt—plus low output impedance 
and excellent gain-temperature stability. 
The voltage gain of this power amplifier 
stage is determined by the connections to 
the "gain-option" pins. For a voltage gain 
of 10, pins 2 and 4 are open and pin 5 is 
connected to signal ground; for a voltage 
gain of 18, pins 2 and 5 are open and pin 
4 is connected to signal ground; for a volt-
age gain of 36, pin 2 is connected to pin 5 
and pin 4 is connected to signal ground. 

To avoid vhf instability with this circuit 
the RC stabilizing network—0.1 /uF in se-
ries with 10 ohms—must be placed direct-
ly from pin 9 to ground with short leads. 
Excessive lead inductance from the positive 
supply to pin 10 can cause high-frequency 
instability. The B + bypass capacitor 
should be connected directly from pin 10 
to ground if possible; if not, the series RC 
network shown in fig. 9 should be used 

IOOiiF l€ OHMS 

L ^ ^^ 
ft? rr? 

fig. 9. This audio power amplifier will pro-

vide up to 1.8 watts output. Voltage gain is 

determined by connections to pins 2, 4 and 

5 as d iscussed in the text. 

directly from pin 10 to ground. In addi-
tion, lead lengths from the external com-
ponents to pins 7, 9 and 10 should be as 
short as possible to insure good vhf ground-
ing at these points. 

Because of the large bandwidth of the 
HEP593, coupling must be avoided be-
tween the input and output leads. This can 
be accomplished by using short leads 
which are well isolated, narrow-banding 
the over-all amplifier by putting a ,001 
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table 2. Effect of feedback resistance (Rf in fig. 10) 
on sensitivity, distortion and input impedance. 

Sensitivity Input 
Rf at 2 W THD Impedance 

0 8 mV 5.2% 20k 
1k 22 mV 2.9"/. 35k 
5k 86 mV 1.7% 40k 

6.8k 120 mV 1.6% 40k 
10k 150 mV 1.5% 40k 

capacitor from pin 1 to ground, and by 
using shielded input cable. 

The audio power circuit shown in fig. 10 
can deliver 2 watts into a 16-ohm load. 
The PA237 may be operated with supply 
voltages from 9 to 27 volts and is capable 
of 1 ampere peak output. In the circuit of 
fig. 10 the integrated circuit is biased into 
class AB. The voltage gain of the circuit 
as shown here is greater than 45; a 120 
mV input signal wi l l produce two watts 
output. The input impedance is 40k ohms, 
output impedance is 0.85 ohm and noise 
output is 75 dB below 2 watts. 

By setting the 6.8 kilohm feedback re-
sistor (Rf) to other values, the sensitivity, 
distortion and input impedance wi l l vary 
as shown in table 2. Since distortion de-
creases when the output level is decreased 
by increasing the negative ac feedback, it 
might be a good idea to use this feedback 
resistor as the volume control. This is par-
ticularly desirable for lowering crossover 
distortion at low levels where it becomes 
a significant part of over-all amplifier dis-
tortion. 

In fig. 11 the PA237 is used in an audio 
power amplifier that wi l l provide 2 watts 
into a 16-ohm load with 5 mV drive; this 
is a voltage gain greater than 1100. With 
this amount of sensitivity, the amplifier 
can be driven directly with a microphone 
or low-level detector. The same circuit can 
be used with other combinations of volt-
age and load impedance by changing the 
values of the bias resistors; fig. 12 shows 
the same basic circuit with an 8-ohm load 
and 12-voIt power supply. The voltage 
gain of this circuit is 350, and 7 mV input 
drives the amplifier to 0.75 watt output. 
The input impedance of the circuits shown 
in fig. 11 and 12 is approximately 15k. 

If you need more than the two-watt 

fig. 10. Two-watt audio power amplifier. Circuit sen-
sitivity is determined by feedback resistor (Rf) as 
shown in table 2. 

fig. 11. This power amplifier provides 2 watts output 
with 5 mV drive. 

fig. 12. This circuit is the same as fig. 11 except 
that it is set up for a 12-V supply and 8-ohm speaker; 
7 mV input drives it to 0.75 watt output. 
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capability of one PA237 integrated circuit, 
two of the devices may be connected in 
the bridge configuration shown in fig. 13. 
This circuit effectively doubles power out-
put. Since each circuit is the same as fig. 
10 the feedback resistances given in table 
2 may be used to set amplifier input sensi-
tivity and input impedance. 

The highest power audio amplifier IC 
currently available is the new General 
Electric PA246 with a capability of 5 watts 
continuous into a 16-ohm load with less 
than 1 % total harmonic distortion. In the 
circuit shown in fig. 14, 180 mV input will 
provide 5 watts output at 0.7% total har-
monic distortion. When the feedback re-

+ 24V 

fig. 13. Two PA237's in a br idge double power output to 4 watts. 
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fig. 14. Five-watt audio power amplifier. The speaker 

should be a permanent-magnet type so resistive load 

is c l o s e to 16 ohms. Heat-sink tab should be con-

nected to pin 8, c ircuit ground. 

sistor (Rf) is shorted out, sensitivity in-
creases; 12 mV input provides 5 watts out-
put. Frequency response extends from 30 
Hz to 100 kHz, and noise output is typical-
ly 70 dB below 5 watts. 

The increased power dissipation cap-
ability of the PA246 is a result of a higher 
permissible supply voltage—up to 37 volts 
—and increased heat dissipation with two 
large heat-sink tabs. The higher voltage 
rating allows more power without in-
creased heat-generating current and may 
eventually lead to audio power IC's with 
ratings up to 10 watts. 

Another way to gain increased power 
output is to use the approach of fig. 15. 
In this circuit a low-level IC preamp is 
used to drive a discrete complimentary 
output stage: a Fairchild nA7*\bC is used 
as a driver for an output stage that will 
put 2 watts into a 16-ohm load. The fre-

may 1969 [ j ^ 15 



fig. 15. Two watt au-
dio power amplifier 
with complimentary 
transistor output 
stage. 

rh rn m m 

quency response of fig. 15—in reference to 
1000 Hz—is - 1 . 5 dB at 100 Hz and - 4 
dB at 20 kHz. A l though Fairchild transis-
tors are shown here, RCA devices such as 
the 40053 npn and 40319 pnp may be sub-
sti tuted. Dc current gain {hF10) should be 
in the range of 60 to 100 and nearly the 
same in both transistors to prevent wave-
form c l ipp ing. 

A l though the highest power audio am-
pl i f ier IC current ly on the market is Gen-
eral Electric's 5-watt PA246, Bendix Semi-
conductor has recently announced a 15-
wat t audio ampl i f ier IC that uses thick-
f i lm construct ion. It is not nearly as small 
as the other audio power iC's ment ioned 
here, 1 x 2 x 5/16 inch, but it is sti l l use-
ful for many amateur appl icat ions. The 
15-watt ampl i f ier , the BHA0002, has a fre-
quency response of 25 Hz to 20 kHz, power 
gain of 55 dB, total harmonic d is tor t ion 
less than 1 % , supply voltage range of 14 
to 40 volts and sensitivity of 350 mV for 15 
watts ou tpu t . 

audio mixer 
The four - inpu t audio mixer shown in 

fig. 16 may be used for mix ing low- level 
audio signals up to 50 kHz. W i t h a 6-vol t 
power supply the input w i l l handle up to 
300 mV peak-to-peak; max imum ou tpu t 
is 3 volts p-p. The 5000-ohm potent iometer 
should be adjusted for m i n i m u m dis-
tor t ion. 

audio limiter 
The low-d is tor t ion aud io l imi ter shown 

in fig. 17 begins to l im i t at 0.4 mi l l i vo l t , 
is not affected by input signals up to 6 
volts p-p and operates l inearly be low the 
c l ipp ing po in t w i t h o u t osci l lat ion or other 
instabil i ty. A good l imi ter should l imi t on 
mi l l i vo l t signals bu t not distort at higher 
levels; it should be able to reproduce a 
square wave w i t h very l i t t le even-har-
monic content wh i l e prov id ing clean sine 
waves be low the l imi t ing threshold. By us-
ing a high-gain operat ional ampl i f ier w i t h 
an external c l ipper and feedback circui t , 
second harmonic generat ion is less than 
0 .3% over a dynamic range of 54 dB and 
less than 2 % over a 78 dB range. 

•3 TO 9V 
o 

{<70H<<70* <470* <47C* 

INPUTS | 
n M+ 

c, M+ O j) 
„ M + 
" i\ 

CAPACITORS ARE ALL iyF 

fig. 16. Four-input audio mixer using a digital 4-input 
gate. The 5k pot is adjusted for minimum output dis-
tortion. 
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fig. 17. Low-distortion 
high dynamic range 
audio limiter. 

3 e v J f c HEP KX 

modulator 
The modulator circuit shown in fig. 18 

will produce up to 5 watts of undistorted 
audio. The modulation transformer—a 
Stancor TA12—is an audio output trans-
former designed to work into an 8-ohm 
load so it is most suitable for a transistor 
rf power stage. The 0.05-^F capacitor be-
tween the collectors of the push-pull 2N5295 
power stage should be adjusted for mini-
mum distortion and best speech quality 
with your particular microphone. This cir-
cuit is designed for a high output crystal 

or ceramic microphone; for low-level dy-
namic microphones, another stage of am-
plification may be required at the input. 
If another modulation transformer is used, 
keep in mind that the 2N5295's should 
work into approximately a 20-ohm load. 

i-f and rf amplifiers 
Integrated circuits that are suitable for 

rf and i-f applications are not actually 
that much different from the audio-fre-
quency variety. These IC's usually have 
two or more transistors on a single semi-

fig. 18. Five-watt modulator for transistor rf power amplifiers. 

+ ISV 
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fig. 19. This 455-kHz i-f amplifier uses an let to provide a high impedance input. 

conductor chip along with the necessary 
biasing network. In some cases several 
stages of amplification are built on a 
single chip to provide very high gains in a 
tiny package. It wasn't too long ago that 
IC's suitable for high-frequency work were 
priced beyond the average amateur, but 
today there are a number of inexpensive 
devices available that do an excellent job 
up to 60 MHz or so. 

There are both advantages and disad-
vantages to using IC's in rf and i-f ampli-
fiers; and the direction in which the scale 
tips is generally related to the frequency 
of the application. On the plus side, IC's 
provide high gain figures, are temperature 
compensated and are easy to use with 
age; in addition, they usually do not re-
quire external biasing networks. However, 
current rf-rated integrated circuits that are 
on the market, are frequency limited—most 
go to pot if you try to use them much 
above 100 MHz. There are IC's available 
that work well into the uhf range, but 
most of these are engineering prototypes 
that haven't reached production. As the 
manufacturing processes are perfected 
and designs are improved, uhf-rated inte-
grated circuits should become common-
place. 

The 455-kHz i-f amplifier shown in fig. 
19 costs less to build than an equivalent 
circuit built with individual components. 

The tuned coils are from small i-f trans-
formers used in minature transistor broad-
cast radios; the low-impedance output 
windings are not used. The integrated cir-
cuits have only a moderately high input 
impedance so a field-effect transistor is 
used to keep loading on the input circuitry 
to a minimum. To modify this circuit to a 
limiting amplifier for fm use, connect an 
identical CA3011 amplifier stage to the 
stage shown here. 

Another 455-kHz amplifier circuit is 
shown in fig. 20. Each of the stages repre-
sents one-half of a single IC package, so 
this high-gain amplifier is extremely com-
pact. Over-all gain of this circuit is 67 dB, 
the 3-dB bandwidth is 3 kHz and the in-
put impedance is approximately 30 ki-
lohms. With the output transformer shown 
here, the output impedance is approxi-
mately 800 ohms; for a 5-kilohm output 
impedance, use a Miller 2063 transformer. 
For maximum gain, the age input should 
be grounded. 

The 10.7-MHz amplifier shown in fig. 21 
provides from 60 to 65 dB gain. The main 
disadvantage of this circuit is the low 
number of tuned circuits—it may be dif-
ficult to get the amount of selectivity you 
need. However, this may be solved by us-
ing a crystal filter or cascaded tuned cir-
cuits. Because of the high gain, this circuit 
may be unstable unless you are very care-
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(ig. 20. Two-stage 455-kHz i-f amplifier uses one integrated circuit. 

fig. 21. This 10.7 MHz am-
plifier provides gain in the 
neighborhood of 60 dB. 
The R C A CA3012 will also 
work in this circuit. 

MILLER ISOI 

6 
+VCC 

+7.SV 
9 

4? 

—4 

MILLER 1602 

+I2V 

fig. 22. This 10.7-MHz i-f amplifier uses cascaded tuned circuits for improved selectivity. 
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fig. 24. High-gain i-f strip has age input. Diode D1 
may be any silicon diode. 

T1 Primary is 1 turn number 20 AWG on a T44-10 
toroid core; secondary is 8 turns number 20 
AWG. 

T2 Primary and secondary windings are 7 turns num-
ber 22 AWG bifilar wound on a T44-10 toroid. 

T3 Primary is 8 turns number 20 AWG on a T44-10 
toroid core; secondary is 1 turn number 20 AWG. 

ful when laying it out. Make all the leads 
as short as possible. Note that the bypass 
capacitors are somewhat smaller than 
those usually recommended for this fre-
quency; this reduces gain and helps over-
all stability. 

The 10.7 MHz i-f amplifier circuit shown 
in fig. 22 uses cascaded tuned circuits to 
provide selectivity. The output from the 
four-pole filter feeds into the second half 
of the Fairchild yuA719. The insertion loss 
of the filter is such that the second stage 
of amplification is not driven into limiting. 

The primary of T1 consists of 16 turns 

number 34 enamelled, close wound on a 
Va-inch form, centertapped; secondary is 
16 turns number 34 enamelled, close 
wound on the same form with 0.225 inch 
between windings. The primary of trans-
former T2 consists of 16 turns number 34 
enamelled close wound on a V-i-inch slug-
tuned form; secondary is 16 turns number 
34 enamelled close wound on the same 
form, tapped 4 turns from cold end; spac-
ing between windings is 0.225 inch. Trans-
former cans are Miller S-34. 

The simple 30-MHz amplifier stage 
shown in fig. 23 provides approximately 30 

fig. 23. Simple high-gain 
30-MHz i-f strip provides 
30 dB gain. 

*!2V 
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fig. 25. 50-MHz amplifier provides 

30 dB gain. 

m m m 

fig, 26. Two meter rf stage ex-
hibits 13 dB gain and 6.8 dB 
noise figure. The HEP590 will 
also work in this circuit. 

m 

fig. 27. This 144-MHz amplifier 
will provide up to 17.7 dB gain 
with a 4 dB noise figure. 

dB gain. The noise figure of this stage is 6 
dB and the bandwidth is 1 MHz. The pri-
mary and secondary of transformer T1 are 
each 10 turns number 22 enamelled bifilar 
wound on a T44-10* toroid core. The pri-
mary of transformer T2 is 12 turns number 
22 enamelled on a T44-10 core; secondary 
is one turn to work into a 50-ohm load. 
This stage can also be used as a limiting 
amplifier for fm work—simply change the 
turns ratio of the output transformer by 
making the secondary of T2 two turns (to 
work into a 50-ohm load). This increases 
the load impedance the integrated circuit 
works into and turns the stage into a lim-
iting amplifier. 

The 30-MHz i-f strip shown in fig. 24 is 
an extension of the circuit of fig. 23 with 
provision for age. The age range is ap-
proximately 40 dB with age voltage varia-
tion from zero to 4 volts. Gain of the i-f 
strip is approximately 60 dB, bandwidth is 
900 kHz and noise figure is about 6 dB. 
For an additional 30 dB gain, another 
M703 stage may be added between trans-
former T2 and the second /xA703; the in-
terstage transformer for the additional 
stage would be the same as T2. 

vhf amplifiers 
For high-frequency applications of mod-

ern integrated circuits, you might consider 
the vhf amplifier circuits shown in fig. 25, 
26 and 27. The 50-MHz rf stage in fig. 25 
uses a readily available IC to provide up 
to 30 dB gain with 18 dB age range. When 
the age voltage is zero, gain is 30 dB; 
when the age voltage is 4 volts, gain is 
12 dB. Both input and output coils L1 and 
L2 are 9 turns number 20 A W G on a T44-
10 toroid core. 

The two-meter amplifier in fig. 26 ex-
hibits about 24 dB gain with a 25 volt 
supply; gain drops to 13 dB when the sup-
ply voltage is lowered to 6 volts. The best 
noise figure can be obtained with the 6-
volt power supply—6.8 dB. Input coil L1 is 

* Toroid cores listed in this article are available from 
Circuit Special ists Company, Post Office Box 3047, 
Scottsdale, Arizona 8S251; price, two cores $1, post-
paid in the U.S.A. 
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Layout for the amplifiers shown in figs. 26 and 27. 

13 turns number 28 A W G on a T20-10 

toroid, tapped 6 turns from the cold end; 

output coil L2 is 13 turns number 28 A W G 

on a T20-10 toroid, tapped 9 turns from 

the cold end. 

The two-meter amplifier shown in fig. 27 
provides somewhat more gain than fig. 2 6 — 
19.8 dB with a 12-volt supply and 17.7 

dB with a 6-volt supply. Best noise figure 

is again coincident with the 6-volt supply 

and is about 4 dB. Input coil L1 is 12 

turns number 28 on a T20-10 toroid, tapped 

5 turns from the cold end; output coil 

L2 is 11 turns number 28 A W G , tapped 6 

turns from the cold end. 

The novel integrated-circuit amplifier 

shown in fig. 28 may be used as an rf or 

i-f amplifier at frequencies up to about 

200 M H z with 60-dB gain; the IC is a 

Sylvania SA-20. The circuit is unusual be-

cause of the placement of the tuned 

circuit—as a frequency selective feedback 

loop between two of the transistors within 

the integrated circuit. L I and C2 should 

resonate at the desired operating fre-

quency, and C I , which is a dc blocking 

capacitor, is made large enough to pre-

vent series resonance with L1 (at least in 

the rf range). A notch amplifier results if 

L I and C I are resonated and C2 is re-

moved. Replacing the LC circuit with 

piezoelectric crystals or ceramic filters re-

sults in sharper selectivity. 

mixers 
Most of the integrated circuits that are 

designed for rf and i-f applications may 

also be used as frequency mixers. Most 

amateurs are not aware of one of the 

advantages of using a differential am-

plifier as a frequency mixer—the local-

oscillator frequency may be one-half the 

required injection frequency. At the higher 

frequencies this is particularly helpful since 

the ease of bui lding stable oscillators de-

clines rapidly as frequency is increased 

above 60 M H z or so. 

A mixer circuit for the M 7 0 3 is s hown 

in fig. 29. LI-CI are tuned to the signal 

+9V 

fig. 28. Multipurpose rf/i-f amplifier has good gain 
and bandpass characteristics up to 100 MHz. 
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frequency, L2-C2 are tuned to the local os-
cillator frequency and L3-C3 are tuned to 
the intermediate frequency. Other rf-rated 
integrated circuits can be used in this 
manner as long as you use the differential 

inputs to the IC. This mixer circuit can 
theoretically be operated at any even har-
monic of the local oscillator, although ef-
ficiency drops drastically at more than the 
fourth harmonic. 

fig. 29. With this har-
monic mixer circuit, the 
local oscillator can oper-
ate at one-half the re-
quired injection frequency. 

fig. 30. Balanced modula-
tor circuit provides up to 
25 dB carrier suppression. 

7/77 m 

| DSB 
C 0 

fig. 31. Balanced modulator 
circuit using a Signelics 
NE510A. 

The balanced mixer (or balanced modu-
lator) shown in fig. 30 is useful for generat-
ing a double-sideband signal. Carrier sup-
pression with this circuit is a function of 
circuit symmetry and the modulation-to-
carrier drive ratio. If external component 
symmetry is watched carefully, carrier sup-
pression is about 25 dB with 10 mV audio 
and 32 mV carrier signals. For best results, 
the output transformer should be bifilar 
wound. 

Another balanced modulator circuit is 
shown in fig. 31. This circuit uses a Sig-
nelics NE510A. When the 2500-ohm bal-
ance potentiometer is properly adjusted, 
there will be no rf output without an audio 
signal. When an audio signal is applied, 
the differential transistors are unbalanced 
and a double-sideband suppressed-carrier 
signal appears at the output. 
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product detector 
The product detector circuit shown in 

fig. 32 is another application of the bal-
anced mixer. Ssb drive and bfo injection 
can be altered for minimum harmonic dis-
tortion; overdrive from either source results 
in third-harmonic distortion of the de-
tected signal. In typical operation, the bfo 
voltage is 0.5 volts rms, signal voltage is 
4 mV rms, third-harmonic distortion is 54 
dB down and second, fourth and fifth har-
monics are more than 60 dB down. 

low-level modulator 
The fine age characteristics of devices 

like the HEP590 make them excellent 
choices for low-level a-m modulators (see 
fig. 33). The modulated rf signal can be 
followed by linear amplifier stages to 
build the signal up to several watts. 
The 3.5 volts bias sets operation of the 
modulator at its most linear point with 
90% modulation along with good up-and-
down modulation characteristics and very 
low distortion. For operation on 50 MHz, 
primary of transformer T1 is 6 turns num-
ber 22 AWC on a T12-2 toroid; secondary 
is 19 turns number 22. Primary of trans-
former T2 is 30 turns number 22 AWG on 
a T12-2 toroid core; secondary is 3 turns 
number 22. 

oscillators 
If you will remember from your basic 

theory, two things are necessary for oscil-
lation: unity circuit gain and zero (or 
360°) phase shift from input to output. 
Most linear integrated circuits (as well as 
many digital types) fulfill both these re-
quirements. In fact, as you use integrated 
circuits in various projects, you'll find that 
many times you will have problems with 
unwanted oscillations—particularly vhf para-
sitics. 

The oscillator circuits that are presented 
here are only a sample of the many cir-
cuits that can be used. However, some of 
them are rather unique and probably have 
never been used in amateur gear before 
so they warrant further investigation. 

- 6 V +6V 

fig. 32. This product detector circuit 
provides excellent linearity with minimum 
distortion. 

+6V 
BIAS 

fig. 33. Low-level a-m modulator may be 
used in signal generators or with linear 
amplifier stages for communications. 

+ tzv 

fig. 34. This 455-kHz beat-frequency os-
cillator may be used up to 150 MHz by 
changing the tuned-circuit values. 
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The oscillator shown in fig. 34 is de-
signed for use as a bfo and is very simitar 
to the Colpitis oscillator used in vacuum-
tube and transistor circuitry. Although the 
tuned-circuit values shown are for 455 kHz, 
the basic circuit may be used up to 150 
MHz by simply changing the inductor and 

up to about 2 MHz. Most drift in this 
circuit is due to crystal changes with tem-
perature; supply voltage variations up to 
± 2 0 % have a negligible effect on fre-
quency. 

Digital integrated-circuit gates that use 
emitter-coupled logic (ECL) provide excel-

fig. 36. This crystal 
oscillator uses emitter-
coupled logic IC's and 
will work up to about 
20 MHz. 

o - T U T -

- L T L T 

two capacitors. The rf choke between pins 
3 and 4 is between the bases of the dif-
ferential transistors at the input of the IC; 
it provides the proper bias voltage and 
current for symmetrical limiting. 

If you look at the internal circuit of an 
RTL digital gate, you'll find most of the 
load and bias resistors for a conventional 
amplifier stage. If you use the correct pins, 
these low-cost IC's can be used for am-
plifiers or oscillators. The circuit shown in 
fig. 35 can be used as a crystal oscillator 

• I 
MCMSTAL 

iioot >100* 

- — — • — • 

fig. 35. Simple crystal oscillator cir-
cuit is useful up to about 2 MHz. 

lent high-frequency (and vhf) response and 
can be used to advantage in crystal-con-
trolled oscillator circuits. A second gate 
can be used as a buffer and waveshaper. 

The circuit shown in fig. 36 is designed 
for crystals in the series resonant mode 
from 1 to 20 MHz, The differential-con-
nected transistors in the first half of the IC 
operate linearly and provide loop gain 
while the emitter-follower outputs drive the 
crystal and buffer stage. In addition to 
acting as a buffer, the output stage works 
as a waveshaper; rise and fall times of 
the output square wave are on the order 
of 2 nanoseconds. 

At frequencies above about 10 MHz 
overtone crystals are usually used. Over-
tone oscillator circuits are somewhat more 
complex than circuits designed for the fun-
damental because the circuit must oper-
ate at the desired harmonic. The circuit 
shown in fig. 37 is designed for overtone 
crystals from about 50 to 150 MHz and is 
a modification of the circuit in fig. 36. 

This circuit uses a tank circuit at the 
input to the ECL gate to insure operation 
at the desired overtone. At other fre-
quencies it acts as a low impedance 
shunt. The variable capacitor from pin 6 
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to ground may be necessary to provide 
the proper phase relationship in the feed-
back loop. The second gate again serves 
as a buffer and waveshaper. 

The oscillator circuits shown in fig. 36 
and 37 are very stable, and temperature 
drift characteristics are determined by-the 

work up to about 2 MHz. The output 
waveform of this circuit has high harmonic 
content; to provide a sinusoidal output, 
put a 10K potentiometer and 0.01-^F ca-
pacitor in series with the crystal. With this 
"feedback adjust" control, the output 
waveform can be made into a pure sine 

fig. 37. This crystal 
oscillator will work 
with overtone crystals 
up to about 150 MHz. 
The tank circuit is res-
onated to the desired 
output frequency. 

crystals that are used; voltage changes of 
20% produce no frequency drift. Be par-
ticularly careful when laying these circuits 
out—emitter-coupled logic has extremely 
good vhf response so keep all the leads as 
short as possible and run all the unused 
inputs to the minus voltage supply. 

The circuit in fig. 38 uses a low-cost 
dc-amplifier IC—the RCA CA3000—as a 
crystal-controlled oscillator stage that wil l 

fig. 38. Simple crystal oscillator will work up to 2 
MHz with no tuned circuits; tuned circuit extends 
range to about 10 MHz. 

wave. The frequency response of the cir-
cuit can be increased to about 10 MHz 
by adding a tuned circuit resonant at the 
output frequency; this is shown by the 
dotted lines. 

The circuit shown in fig. 39 uses two low-
cost RTL digital integrated circuits in a 
crystal-controlled frequency standard with 
outputs at both 100 kHz and 50 kHz. The 
oscillator itself is the same as the one 
shown in fig. 35 and uses the two gates of 
a HEP580. The HEP583 JK flip-flop divides 
the output of the crystal oscillator by two 
to provide 50-kHz markers. Other markers 
can be generated by using different divider 
arrangements—two flip-flops can be wired 
to divide-by-4 for 25 kHz markers (or an-
other HEP583 added to the one shown in 
fig. 39). A divide-by-5 circuit for 10-kHz 
markers requires three JK flip-flops while a 
divide-by-10 circuit for 5-kHz markers re-
quires four. 

vfo's 
The variable frequency oscillator shown 

in fig. 40 may be used at any frequency 
between 2.5 and 13 MHz by choosing the 
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value of the capacitor C1. The HEP590 
acts as a common-emitter, common-base 
amplifier when the input signal is con-
nected to pin 1 and the output taken from 
pin 6; it has high gain and 180° phase 
shift. Therefore, to operate as an oscilla-
tor, the external circuitry must provide 

quencies in the range from 1 MHz to 150 
MHz. The output level is 0.5 volts peak-to-
peak, and the waveform is relatively free 
of harmonics. Inductors LI and L2 are 
each 10 turns number 24, bifilar wound 
on a T44-10 toroid core; L3 is 5 turns 
number 24 wound over L1 and L2. 
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fig, 39. Frequency standard circuit provides 50-kHz markers. Output level potentiome-
ter may not be required for some applications. 

180° phase shift. This can be accomplished 
in several ways, but perhaps the easiest 
way is used in fig. 40—the coupling trans-
former is inverted. 

This circuit can be used anywhere in the 
range from about 2500 kHz to 13 MHz by 
simply changing the value of the tuning 
capacitor, C1, as shown in fig. 40. To de-
crease the range, the total capacitance 
may be made up with a fixed mica ca-
pacitor in parallel with a variable. To 
tune from 5.0 to 5.5 MHz for example, 
capacitor C1 would consist of a 100-pF 
variable, a 80-pF trimmer and a 560-pF 
silver mica; the trimmer is used to set the 
frequency range covered by the variable. 
The output of this oscillator has very little 
harmonic content; output level depends on 
the load that it works into. With a 12-volt 
power supply and a 10k load, the output 
is 12 volts peak-to-peak. Frequency stabil-
ity is consistent with other solid-state 
designs. 

A vfo that tunes the range from 9 to 10 
MHz is shown in fig. 41; the tuned-circuit 
values can be changed to cover other fre-

Frequency 

2 . 5 - 5 
5 - 1 0 
8 - 1 3 

Ct 
(pF) 

780- 2110 
170 • 780 
80 - 480 

Elmenco 
part. no. 

311 
469 
466 

fig. 40. Wide range vfo. L1 is 21 turns number 36 on 
a T12-2 toroid core; L2 is 7 turns number 36 on the 
same core. Elmenco trimmer capacitors are available 
from Allied Radio. 
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voltage-controlled oscillator 
The unusual oscillator circuit shown in 

fig. 42 deserves further amateur experi-
mentation. This circuit uses two cross-
coupled transistor-transistor logic (TTL or 
T2L) gates to form a voltage-controlled os-
cillator. The oscillation frequency is deter-
mined by the cross-coupling capacitance 
and the supply voltage; the cross-coupling 
capacitance consists of the two capaci-
tors plus wiring capacitance and internal 
device capacitance. With the component 
values shown in fig. 42 the circuit will 
cover both the 40- and 80-meter amateur 
bands as the control voltage is varied 
from 4 to 6 volts. The frequency change 
with voltage is linear. 

iev 

fig. 42. Voltage-controlled oscillator uses two tran-
sistor-transistor logic gates. With the components 
shown, the circuit covers the 80- and 40-meter bands 
as the voltage is varied from 4 to 6 volts. 

fig. 41. This 10-MHz vfo provides a 
clean sine wave at about 500 mV p-p. 

With a stable, well filtered voltage sup-
ply this circuit can be used as a vfo with 
the frequency controlled by a multiturn 
potentiometer. The timing capacitors (C1 
and C2) can be changed to cover other 
frequencies, although the maximum oscil-
lation frequency is in the neighborhood of 
25 to 30 MHz. 

Maximum oscillation frequency is ob-
tained with 18 to 22 pF cross-coupling 
capacitors although this depends upon 
how much stray capacitance you have in 

the circuit. The output waveform is a 
square wave but a buffer amplifier with a 
tuned tank circuit can be used to convert 
it to a sine wave. 

audio oscillator 
Oscillator applications of integrated cir-

cuits aren't necessarily limited to the radio 
frequencies. The IC Wein-bridge oscillator 
in fig. 43 is designed to cover the audio 
frequencies although it may be used into 
the video frequency range. This circuit uses 
the /uA716, an integrated circuit that pro-
vides gain options of 10, 20, 100 or 200, 
depending on the pin connections; for this 
application, a gain of ten is sufficient. 
The output frequency is determined by the 
resistors and capacitors in the positive 
feedback loop, and good waveform is 
maintained by the transistor age circuit. 

Diode D1 rectifies a portion of the out-
put waveform and feeds it to the base of 
the transistor. Collector current is picked 
off the resistive divider, changing the volt-
age across diode D2. This changes the 
current through the diode, alters its dy-
namic resistance, and establishes stable 
operation of the IC by setting the gain at 
a point just sufficient to allow oscillation 
—this results in low distortion. The zener 
diode keeps the transistor from going into 
saturation and destroying its age per-
formance. 
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fig. 43. Audio oscillator circuit uses Wein bridge circuit to provide exceptionally pure waveform. 

voltage regulators 
N o w that low-cost voltage regulator IC's 

are available, it's d i f f i cu l t to just i fy the 
design of regulators using discrete compo-
nents. The nature of integrated-circui t con-
struct ion is such that it costs very l i t t le for 
the manufacturer to add extra gain for 
improved regulat ion, over load and current-

l im i t ing circuits or capabi l i ty for work ing 
w i t h negative supplies. W i t h discrete com-
ponents each of these features increases 
cost and size. 

The s imple voltage regulator shown in 
fig. 44 uses an integrated c i rcu i t that is 
designed as an audio power ampl i f ier . 
However, it per forms we l l as a voltage 

Nominal 
Regulated 

Voltage 

10 
12 
15 
17 
20 
22 

R1 
ohms 

100k 
68k 
51k 
39k 
30k 
20k 

UNREGULATED 

+15 TV 40V 
REGULATED 

3300 VOLTAGE 

fig. 44. Simple voltage regulator using an audio power IC. Value of R1 is determined by desired output voltage 
as shown above. Unregulated input must be as least 3.5 volts higher than the desired output. The base-emitter 
junction of the 2N3662 is used as a zener diode. 
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regulator. Keep in mind that the PA237 is 
limited to 2 watts dissipation; the input 
current and voltage difference between un-
regulated input and regulated output must 

specifically for this purpose—National 
Semiconductor's LM300. The dissipation of 
this device is limited to about 300 mW, 
but an external pass transistor can be 

fig. 45. Voltage regulator 

provide* adjustable 2 to 20 

volts at 200 mA. 

HEP61 

+8 TV 30 V 
UNREGULATED 

m 

not exceed 2 watts. The unregulated input 
voltage can be between 15 and 40 volts; 
the size of R1 is determined by the desired 
output voltage. Short-circuit protection is 
provided by the 10-ohm resistor in the 
ground return path. 

The voltage-regulator circuit shown in 

fig. 45 uses an IC that was designed 

added as shown in the schematic. With 

the values shown here, the output can be 

adjusted over the range from 2 to 20 volts 

—depending also on the level of the un-

regulated input voltage. This circuit is lim-

ited to about 200 mA output with the pass 

transistor shown, but may be increased to 

2 amperes with the circuit shown in fig. 46. 

fig. 46. Current capability 
can be extended to 2 am-
peres with this circuit; 
nominal output voltage is 
10 volts. 

T 
+ 12 10 30V 

UNREGULATED i 
SN3033 

u 
LU300 

36 
- W r * 

470 
vSliF 

T 
10 V, 24 

REGULATED 

i " 
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This circuit is designed for a nominal 10-
volt output. 

The voltage regulator shown in fig. 47 
will provide 9 volts output with 12 to 20 

ohms—this will provide 9 volts output up 
to 50 mA. However, keep the input voltage 
low enough so device dissipation doesn't 
exceed 300 mW. 

fig. 47. Low-cost 
voltage regulator 
uses external pass 
transistor to provide 
up to 1 ampere cur-
rent capability, IC 
itself will handle up 
to 50 mA. 

UNRESULtTED 
li TO 18V 

Rl 
390 

REGULATED 
500 9V, IA 

HZ 
ItOO 

UNREGULATED 
+10 TO 4 0 V 

i 

volts input. Although the CA3018 wasn't 
designed specifically for voltage-regulator 
duty, it serves admirably. The reference 
voltage necessary to regulator action is 
generated by a reverse-biased emitter-
base junction. If you don't need the 1-
ampere capability of this circuit, simply 
connect pin 1 to the output terminal, 
change R1 to 470 ohms and R2 to 1500 

fig. 48. Voltage regulator provides up 
to 150 mA output current over a wide 
operating range. 

Output 
Voltage R1 R2 R3 R4 

9 1500 750 1000 2700 
12 3000 2000 1000 3000 
15 3900 3300 1000 3000 
28 5100 5600 1000 2000 

The voltage regulator circuit shown in 
fig. 48 uses an integrated circuit designed 
for the job, the mA723. This device will 
handle up to 150 mA output currents by 
itself, or it may be used to drive higher 
powered pass transistors. The circuit in 
fig. 48 can be tailored to your particular 
requirement by choosing resistors R1, R2, 
R3 and R4 as shown in the table. Current 
limiting of this regulator is determined by 
resistor R5, in this case in the neighbor-
hood of 120 mA. 

Typical operation of this circuit is very 
good. With a regulated output voltage of 
15 volts, a change in input of ± 3 volts re-
sults in a 1.5 mV change in output. Load 
changes of 50 mA result in about 4.5 mV 
change. The /uA723 is a very versatile de-
vice and may be used to regulate negative 
as well as positive voltages over a very 
wide range. Only one application is 
shown in fig. 48; others are included on 
the manufacturer's data sheet. 

The regulator circuit shown in fig. 49 
uses an integrated circuit that will provide 
up to 500 mA current into the load. Ac-
tually, the Motorola MC1460 voltage-regu-
lator IC is available in two packages—the 
MC1460R in a T0-5 case that will handle 
200 mA and the MC1460G in a TO-66 case 
that will handle up to 500 mA. The piece 
of silicon that constitutes the active cir-
cuit is exactly the same; package design 
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determines dissipation. When the 500-mA 
version is used to drive an external pass 
transistor, output currents up to 10 amperes 
are available. 

In the circuit of fig. 49, resistor R1 de-
termines the output voltage level—repre-
sentative values are listed in table 3. For 
output voltages other than those listed in 
table 3, the value of resistor R1 can be 
calculated from the following formula: 

table 3. Resistors R1 and R2 (fig. 49) as a function 
of regulated output voltage and short-circuit current. 
These resistors are independent. 

Nominal Short-circuit 
Regulated R1 Current R2 
Voltage (ohms) (mA) (ohms) 

4.5 2k 50 13 
6 4.7k 100 5.6 
9 12k 150 3.9 

12 18k 200 2.7 
15 22k 300 1.5 

fig. 49. This excellent 
regulated power sup-
ply will serve most re-
ceiver needs since it 
will provide up to 500 
mA output current. Re-
sistor values for vari-
ous output voltages are 
listed in table 3. 

RRT 

R1 (kilohms) = 2(V0Ut — 3.5) 

For an adjustable output, of course, a po-
tentiometer could be used for R1. R2 is a 
current-limiting resistor; its value for vari-
ous levels of short-circuit current is listed 
in table 3. 

Most of the currently available voltage-
regulator IC's are limited to voltages be-

low about 40 volts, but the /xA723 can be 
operated as a "floating" regulator at 
much higher voltages as shown in fig- 50. 
All that is required is that the voltage 
across the IC must not exceed 40 volts; in 
this case it is limited by the 36-volt zener 
diode to a safe operating point. The maxi-
mum voltage and current levels are deter-
mined by the pass transistor. 

fig. 50. This circuit can 
be used to regulate high UNREGULATED 
dc voltages. The regu- "9 
lated output voltage is 
determined by R1: R1 = 
39k, E = 45 V; R1 = 68k, 
E = 75 V; Rt = 91k, 
E = 100 V; R1 = 240k, 
E = 250 V. 
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The regulation of the circuit of fig. 50 
is excellent: input voltage changes of ± 2 0 
volts result in 15 mV change in the out-
put voltage, and 50 mA variations in load 
current result in 20 mV change. This de-
vice may also be used in a slightly different 
"floating" circuit to regulate high nega-
tive voltages; see the manufacturer's data 
sheet for complete details. 

Many circuits—including voltage regula-

tors—require a precise reference voltage. 
The circuit shown in fig. 51 provides an 
adjustable reference voltage over the range 
of — 5 to + 5 volts. This circuit is par-
ticularly useful where low-level reference 
voltages are required. The integrated cir-
cuit isolates the zener so diode current 
doesn't change with the load. Since the 
output voltage is controlled by the poten-
tiometer it can be set to the desired level. 

fig. 52. Ale circuit 
provides gain control 
proportional to the 
ri envelope of the 
transmitter. 

fig. 51. IC amplifier circuit 
isolates the zener from the 
load and provides an adjust, 
able reference voltage. 

I VOLTAGE ADJUST\ 

r i 

other applications 
In addition to the many circuits for au-

dio, rf, i-f and voltage regulation, there 
are several communications-oriented ap-
plications that don't fit neatly into one 
category or another. One of these circuits 
is the ale circuit for ssb transmitters shown 
in fig. 52. This circuit compensates for vari-
ations in load impedance, tuning and 
supply voltage. The amplifier responds to 
the rf output envelope and provides con-
trol proportional to rf output. The push-
pull coupling link responds to both positive 
and negative peaks; the threshold control 
can be used as a carrier level control in 
the absence of modulation. 

The dc voltmeter shown in fig. 53 is an-
other handy application for integrated cir-
cuits. Most high quality commercial volt-
meters use a balanced circuit but it's 
difficult to design a direct-coupled unit 
that works well. By properly selecting an 
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i n t e g r a t e d c i r c u i t , y o u w i l l h a v e a w e l l 

b a l a n c e d c i r c u i t w i t h h i g h g a i n t h a t d o e s 

a n e x c e l l e n t j o b i n a v o l t m e t e r c i r c u i t . T h e 

c i r c u i t s h o w n in f ig. 53 f o r e x a m p l e has an 

i n p u t res i s tance o f 200 ,000 o h m s p e r v o l t 

a n d is v e r y s tab le . It r e q u i r e s n o z e r o ad -

j u s t m e n t a n d has four ranges u p t o 1 0 0 0 

v o l t s t h a t m a y b e read o n a 1 - m A m e t e r . 

T o c a l i b r a t e t h e u n i t , set t h e range 

s w i t c h o n t h e 1 0 - v o l t range , c o n n e c t 10 

v o l t s across t h e i n p u t t e r m i n a l s a n d set 

t h e 1 0 0 0 - o h m calibration c o n t r o l so t he 

m e t e r reads f u l l sca le . T h e c a l i b r a t i o n c o n -

t r o l c a n b e l o c a t e d o u t o f t h e w a y s i nce 

i t r e q u i r e s v e r y i n f r e q u e n t a t t e n t i o n . 

(is- S3. This dc voltmeter is very stable 
and linear; input resistance is 200,000 
ohms per volt. The 200-megohm resistor 
consists of ten 20-meg resistors con-
nected in series. 

IC4U8MTEI 

The internal circuitry of most integrated cir-
cuits is quite complex, and they wi l l work in 
many more applications than those shown 
here. If you're interested in a particular IC, 
wr i te to the manufacturer for a data sheet 
and a l ist of stocking distributors or sales 
representatives. Al l ied Radio stocks inte-
grated circuits made by General Electric, 
Motorola, RCA and Sylvania. However, many 
major cit ies have distributors so it doesn't 
hurt to find the one nearest you. In most 
cases you can determine the manufacturer 
of a particular IC by the letter prefix on the 
part number: CA, RCA; LM, National Semi-
conductor; MC, Motorola; PA, General Elec-
tr ic; juA and fit, Fairchi Id. Here are 
the manufacturers' addresses: 

Amelco Semiconductor, 1300 Terra Bella 
Avenue, Mountain View, California 94040 

Amperex Electronic Corporation, Slatters-
vii le, Rhode Island 02876 

Fairchild Semiconductor, 313 Fairchi Id Drive, 
Mountain View, California 94040 

General Electric Company, Semiconductor 
Products Department, 7 Electronic Park, 
Syracuse, New York 13201 

Motorola Semiconductor Products, Inc., 5005 
East McDowell Road, Phoenix, Arizona 85008 

National Semiconductor, 2975 San Ysidro Way, 
Santa Clara, California 95051 

RCA, 415 South 5th Street, Harrison, New 
Jersey 07029 

Signetics Corporation, 811 East Arques Ave-
nue, Sunnyvale, California 94086 

Sylvania Electric Products, Inc., Semicon-
ductor Division, 1100 Main Steet, Buffalo, 
New York 14209 

+ev 

fig. 54. Broadband video amplifier covers 
all of the amateur bands up to 30 MHi . 
Mid-frequency gain is nearly 50 dB. 

I n a d d i t i o n t o i n t e g r a t e d c i r c u i t s t h a t 

are d e s i g n e d f o r a p a r t i c u l a r j o b (or se t 

o f j o b s ) , s o m e m a n u f a c t u r e r s are o f f e r i n g 

ar rays o f t rans is to rs t h a t a re o n a s i n g l e 

c h i p o f s i l i c o n . S i nc e t h e d e v i c e s are p h y -

s i ca l l y c l ose , t h e i r e l e c t r i c a l cha rac te r i s -

t ics are v e r y s i m i l a r ; d r i f t cha rac te r i s t i c s 

a re n e a r l y i d e n t i c a l b e c a u s e o f t h e h i g h 

t h e r m a l c o n d u c t i v i t y o f t h e s i l i c o n . These 

ar rays can be used t o a d v a n t a g e in a 

n u m b e r o f c i r c u i t s w h e r e la rge res is tors , 

c a p a c i t o r s o r i n d u c t o r s m u s t b e u s e d ex-

t e r n a l l y . 
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cAjoze 
LMIOO 
LM300 
UA702 
IIA703 
pA 709 

HEPS53 
HEP554 
HEP3SB 
HEP538 
HEP 590 
HEP39I 
HEP592 
HEPS 93 

CA3000 
CA30II 
CA30I9 
CA3033 
CA303S 

UCI560B 
pA719 
JIA723 

CA3003 
CA30I9 
CA3020 
CA302I 
CA3022 
CA3023 

PA130 
PAX 34 
PA237 

CA3030 
HEP370 
HEP371 
HEP572 
MCI023 

fig. SS. Basing diagrams of the integrated circuits used in this article. The circular pin layouts are bottom 
views; the 14-pin dual-inline packages are top views. 

The RCA CA3018 transistor array con-
tains two isolated transistors and two 
transistors with a common base-emitter 
terminal that may be used in rf amplifier 
service up to 100 MHz as well as video 
amplifiers, i-f amplifiers, class-B service or 
voltage regulation (see fig. 47). A broad-
band video amplifier using this device is 
shown in fig., 54. 

In addition to the transistor array, RCA 
also offers a diode array, the CA3019, that 
contains one diode quad plus two isolated 
diodes on a single silicon chip, a dual-
Darlington array, the CA3036, that con-

tains two Darlington-connected transistor 
pairs and a wideband amplifier array, the 
CA3035, that contains three high-gain 
amplifier stages which may be operated 
individually or in cascade. 

The broadband video amplifier shown 
in fig. 54 is a typical application for the 
CA3018 transistor array. This circuit cov-
ers all of the amateur bands up to 30 
MHz and provides almost 50 dB gain. 
With the components shown, frequency re-
sponse is from 800 kHz to 32 MHz. The 
dynamic range is extremely good—20 
p-p to 4 mV rms at the input. 
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receiving system 
degradation in 

fm repeaters 

How to improve 

talk-in range 

using shielding 

and 

tuned-cavity filters 

The popularity of vhf fm repeaters is 
steadily increasing in the ranks of ama-
teur radio despite several problems in-
herent in the design and operation of such 
stations. Perhaps the most serious and 
least understood is receiver blocking, or 
more properly, receiver desensitization. 

This problem appears in two ways. First, 
it can severely limit the effective talk-in 
range of the repeater system. It can also 
show up as repeater chatter which is a 
cyclic keying of the station. First a signal 
breaks the receiver squelch and keys the 
transmitter. With the transmitter on, re-
ceiver sensitivity falls off, and the squelch 
closes. When the squelch closes, the trans-
mitter shuts off, and the receiver sensitivity 
returns to normal; if the signal is still pres-
ent, the squelch opens and the cycle re-
peats. 

This article explores the causes and 
cures of receiver degradation, describes 
some measurement techniques, and offers 
some good methods to lick the problem. 

noise 
A transmitter will affect a nearby re-

ceiver's sensitivity in two ways. First, it can 

significantly reduce the receiver's front-end 

gain. This occurs when the transmitter car-

££ rier is present at the front end at a suf-

ficient level to cause rectification in the 

•5 amplifier or mixer input circuit. The result-

:§ ant change in bias reduces the stage gain, 

£ which in turn reduces the noise input to 

13 the limiters and the limiter current. The ef-

«. feet of all this is ultimately to reduce the 

®2 receiver's sensitivity. 

^ The second effect is produced by the 

< transmitter's noise spectrum. It is a sad 

but true fact that all transmitters produce 

M 

Oj 
"EL 
2 not only a carrier and modulation side 

bands, but noise sidebands as well. These 

§ sidebands may extend several hundred 

> kilohertz on either side of the carrier. If the < 
{"3 transmitter and receiver frequencies are 

!2 only a few hundred kilohertz apart, which 

is usually the case in ham repeaters, the 

transmitter noise output that lands on the 

5 receiver frequency can be many times 

< greater than front-end or antenna noise, 

-s. This increased noise input to the limiters 
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produces an increase in limiter current, 
which in turn reduces receiver sensitivity. 

While rectification decreases limiter cur-
rent, transmitter noise increases it. Thus, 
since both effects can occur simultaneous-
ly, it's not uncommon to find them can-
celling each other in regard to changing 
limiter current. Therefore, there may be se-
vere receiver degradation with no appar-
ent change in limiter current readings. 

Before proceeding to a description of 
techniques for curing the problem, I'll de-
velop a method for measuring the effects 
so corrective steps can be properly evalu-
ated. The problem is basically how to 
measure receiver sensitivity, or to be more 
precise, the change in sensitivity. The term 
sensitivity refers not only to the receiver it-
self, but to the entire receiving system in-
cluding antenna and feedline. 

AERATOR coaxial adapters. 

measurements 
The basic piece of test gear required is 

a controlled signal source. A calibrated 
signal generator is ideal; however, most of 
us don't have one. Since we are primarily 
interested in changes of sensitity, rather 
than the actual measurement of it to a 
hundredth microvolt, simple equipment can 
be used with great success. You'll require 
a well-shielded signal source, preferably 
crystal controlled, and a step attenuator. 
Both are within the pocketbook range of 

most hams, supplemented by home-brewing. 
Also required is an "iso-tee." This is 

simply a coaxial tee adapter, such as the 
M-358, with the center pin of the male 
termination removed (fig. 1). The female 
terminations are connected to the receiver 
and the antenna feedline. The output of 
the signal source is connected through the 
step attenuator to the male termination of 
the tee. The tee provides very loose cou-
pling of the signal source to the receiving 
system. 

receiver degradation 
To measure the receiver degradation 

produced by the transmitter, connect an 
ac voltmeter across the receiver speaker 
terminals (see fig. 2). Open the receiver 
squelch and increase the output of the sig-
nal source until the receiver output de-
creases by 20 dB, just as when making a 
standard 20-dB quieting sensitivity check. 
It wi l l probably require several hundred 
microvolts of rf output from the attenuator 
to produce this quieting, as the isolation 
of the tee fitting is substantial. 

The next step is to key the transmitter 
and repeat the measurement. Ideally, it 
should take the same amount of signal to 
quiet the receiver with the transmitter on 
as with it off. More likely, it wil l require 
considerably more signal. If, for instance, 
you must inject 30 dB more signal to pro-
duce 20 dB quieting with the transmitter 
on, the transmitter is degrading the re-
ceiver sensitivity by 30 dB! Now the ques-
tion is, what to do about it? 

the cure 
If the transmitter and receiver are lo-

cated at the same site, the first step is to 
shield the two units. This includes filtering 
all power, control and audio leads enter-
ing or leaving the shielded enclosure. 
Shield kits for this purpose are available 
from the manufacturers, or you can brew 
your own. The effectiveness of the shield-
ing can be tested by the same technique 
previously outlined. To test the transmitter 
shielding, replace the transmitter antenna 
with a dummy load and make the quiet-
ing measurement. To test the receiver 
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shielding, replace the receiving antenna 
w i t h a d u m m y load and perform the 
measurements. 

If the shielding is effective, no degrada-
t ion w i l l be apparent dur ing either test. O f 
course, this presumes no radiat ion f rom 
the d u m m y load, so forget that l ight bu lb 
nonsense. Once the units are properly 
shielded, reconnect the antennas and 
check for degradation. If i t is sti l l severe or 
object ionable, the next step is antenna 
spacing. 

The transmit and receive antennas 
should be as far apart as possible. If they 
are moun ted on the same tower, they 
should be at least 100 or more feet apart. 
Unfor tunately, few hams can realize the 
benefits of 200-foot towers or separate 
transmitter and receiver sites, so a more 
practical solut ion is the use of tuned 
cavities. 

tuned cavities 
A tuned cavity is essentially a very high-

er tuned circuit . A cavity placed in the re-
ceiver feedl ine and tuned to the receiver 
frequency w i l l pass signals on the receive 
frequency, wh i le reject ing all other fre-
quencies. A cavity placed in the transmit-
ter feedl ine and tuned to the transmitter 
f requency w i l l pass the transmitter signal, 
wh i l e reject ing noise on the receiver fre-
quency. 

The criteria for selecting a cavity, either 
commercia l or homebrew, are physical 
size and power rating. As a rule of t humb, 
the bigger they are, the better. Many com-
mercial units are available w i t h a choice 
of coup l ing loops, thus prov id ing a selec-
t ion of di f ferent amounts of selectivity. 
There is a tradeoff involved here as the 
higher the selectivity, the greater the in-
sert ion loss and the lower the power rating. 

cavity location 
To determine the appropr iate locat ion 

for the cavity, watch the l imi ter current as 
the transmitter is keyed. An increase in-
dicates degradation due to transmitter 
noise, and the cavity should be placed in 
the transmitter feedl ine. A decrease indi-
cates desensit ization due to rect i f icat ion, 

SIGNAL 
GENERATOR 

Co 
RECEIVER r SIGNAL 

GENERATOR 
RECEIVER L L 

AC VOLTMETER Q 
BASIC SENSITIVITY t £«• KSLOfif FOR SOUS OWE TINS 

EFFECTIVE SENSITIVITY • Ea Ik] 
DEGRADATION DUE ID ANTENNA NOISE fdB) • 10 LOS • 

DEGRADATION DUE TO TRANSMITTER IdBi - 2 0 LOB 
"-A XMTR 'ON" 

ea xmtr "off" 

fig. 2. Test equipment setup for measur-
ing receiving system degradation. 

and the cavity should be placed in the re-
ceiver feedline. 

If the transmitter noise is the cu lpr i t and 
a separate exciter and final are used, try 
placing the cavity between the exciter and 
the final. Since most o f the transmitter 
noise is generated in mul t ip l icat ion stages, 
a cavity at the output of the exciter w i l l 
reduce the noise ou tpu t of the ampl i f ier . 
An added benefi t of this locat ion is the 
fact that, since you are deal ing w i th a 
low-level signal, you can use a cavity w i t h 
a higher selectivity (remember the trade-

38 [ j g may 1969 



off) thus improving the noise reduction. Al-
so, due to the reserve gain of the final 
amplifier, insertion at this point will result 
in less loss of radiated power than if the 
same filter were placed after the final. 

After the first cavity is installed, a no-
ticeable improvement should be observed. 
If some degradation still exists, it may be 
necessary to resort to additional cavities. 
Complete elimination of the problem may 
require several cavities in both the trans-
mitter and receiver feedlines. 

insertion loss 
Many hams will object to the use of 

cavities because of their insertion loss. 
However, from a system viewpoint, they 
are the least of several ills. A repeater is 
useful only to stations who can both hear 
and be heard by it. If your repeater can 
be heard across the state, but it can only 
hear across town, then the repeater's ef-
fective range is just across town. Stations 
outside the talk-in range can't use the re-
peater and so are probably not very in-
terested in hearing it. As far as they are 
concerned, it just ties up the frequency. 

If you install a cavity or two on the 
transmitter, you may reduce your talk-out 
range to halfway across the state, but you 
may have reduced receiver desensitization 
to the point where you can hear halfway 
across the state. Thus, you've increased 
your effective range to halfway across the 
state, insertion loss and all. 

Similarly, in the case of the receiver, 
what really counts is not just receiver sen-
sitivity, but effective sensitivity when the 
transmitter is keyed. If adding cavities to 
the receiver feedline reduces the degrada-
tion produced by the transmitter, then you 
are improving performance and increasing 
operational range even at the expense of 
additional insertion losses. 

receiver sensitivity 
An interesting point regarding receivers 

arises at this point. If a receiver is ca-
pable of hearing external noise froiyi the 
antenna, this noise is the limiting factor 
in weak signal detection. Low noise pre-
amps and high gain antennas won't help 

matters, and they may produce additional 
problems. With an a-m receiver, the sim-
plest test for sensitivity is to replace the 
antenna with a dummy load and see if 
the noise output of the speaker decreases. 
If it does, the receiver is hearing external 
noise. This test won't work with fm re-
ceivers; and if it does, you'd better start 
replacing tubes. 

An equivalent test for fm receivers can 
be made by watching limiter current, but 
a much more accurate method is to per-
form the same test as used for measuring 
degradation due to transmitter noise. 
First, make the quieting check with a 
dummy load on the receiver. Then replace 
the normal antenna, and again check the 
quieting level. The difference in levels re-
quired to produce 20 dB of quieting is the 
amount of external degradation. 

If the receiver sensitivity is being de-
graded by, say, 8 dB of antenna noise, 
then up to 8 dB of additional loss, either 
in the form of cavity insertion loss or at-
tenuators, can be inserted in the feedline 
without affecting the effective sensitivity 
by more than 2 or 3 dB. The attenuator, by 
the way, will provide some improvement 
in desensing characteristics and considerable 
improvement in intermodulation protection. 

If the receiver is not being degraded at 
all by antenna noise, then the limiting 
factor is the receiver front-end noise, and 
you may want to add a low-noise pre-
amp or switch to a higher-gain antenna. 
If you decide on a preamp, be careful. 
Many preamps, especially those using bi-
polar transistors, are extremely susceptible 
to desensing problems. The same unit that 
works wonders in a mobile or base sta-
tion may prove disastrous in a repeater. 

in conclusion 
The steps toward elimination of receiv-

ing system degradation in repeater ap-
plications are transmitter and receiver 
shielding, spacing between antennas and 
the proper use of tuned cavities. With 
enough cavities, it's even practical to use 
the same antenna simultaneously for 
transmitting and receiving. 
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Willi the present trend toward compactness 
and space saving equipment, this con-
verter should appeal to most RTTY fans. 

The circuit (fig. 1) is not new except for 
the IC and has appeared in other RTTY 
publications. The unit is self-contained 
even to the power supply, and is housed 
in a 6x53Ax2V2-inch box, which in this case 
was custom made. 

Converter layout. 
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Printed circuit boards were used, and 
careful placement of parts is necessary to 
get all the components in the small pack-
age. A vertical printed circuit board was 
used for the IC circuit and its associated 
parts. 

cuit. Any well-filtered, regulated circuit 
capable of handling the current can be 
used. 

The integrated circuit and Q2 share a 
common heat sink. It is very important 
that heat sinks are used for long life and 

•a voc 

fig. 1. Schematic of the integrated-circuit RTTY converter. Transistor Qt is a Motorola MPS6515; Q2 is a 
Motorola MJ3202 or RCA 40264. Transformer T1 is a 10k-to-2k interstage such as the Stancor TA35, Thordarson 
TR7 or Argonne AR-109. All electrolytic capacitors are rated at 15 Vdc. 

Careful tuning of the toroids is impor-
tant and can be accomplished in the 
usual manner, using a vtvm and an au-
dio oscillator of known accuracy. The 
space filter is tuned to 2975 Hz and takes 
approximately 0.33 fxF; the mark filter is 
tuned to 2125 Hz and takes approximate-
ly 0.068 mF. 

A regulated power supply is built into 
the unit, although not shown in the cir-

trouble-free operation. This unit has been 
used for some time with great success. It 
wi l l give lots of trouble-free service. 

The receiver input is matched to 10k as 
the impedance of the transformer I used 
was from 10k to 3.2 ohms, but in several 
cases the converter has been used without a 
transformer. 

ham radio 
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a homebrew 

keyer paddle 

If you 

love craftsmanship, 

here's a project 

to challenge your ability 

and patience 
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This paddle is a sort of dare item. I was 
aching for a paddle lo go with my newly 
made " T O " keyer, which I built about five 
years ago. So I modified my bug to a three-
terminal job and began practicing on the 
keyer. It was rough going, because the old 
bug was just that—old. I acquired it second-
hand from a commercial operator about 
1927 or thereabouts. II wasn't new even 
then. I certainly can't complain about its ser-
vice, but after about 40 years it was getting 
prelty sloppy, especially where no compen-
sation could be made for wear and tear. 

I'd visited some hams who used different 
types of paddles. This gave me an oppor-
tunity lo try the different types. Well, you 
have to pay for what you get. If the price 
was reasonable, the thing either didn't feel 
right or just didn't look right. If it had the 
good qualities, then the price was out of 
range. So I he idea of a homebrew design 
came into being. 

the mount 
The three-poini rocker mount used by 

W8FYO seemed to be the best choice, be-
cause no sloppy bearings could develop, and 
any mechanical wear that did develop would 
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(ig. 1. The assembled paddle. 

be automatically taken up. It's riot a copy of 
the W8FVO paddle, but I do wish to thank 
Joe for the idea of the three-point mounting. 

Money aside for the moment, the main 
reason for the homebrew was the fun of 
making something with ordinary hand tools. 
If this design worked as anticipated, I would 
have a unique paddle. 

performance 
When completed it worked beautifully—I 

could do about 40 words per minute without 
undue strain, something that I couldn't do 
with the old bug for very long. But the sur-
prise bonus was that it looked pretty good 
too. ] took it to the office and showed it to 
some of my colleagues, nonham engineers. 

Their reaction was real joy to me. They of-
fered lots of suggestions as to what I should 
do with it. The most common one was 
to write an article for ham radio magazine, 
so here it is. Vou can either make it as is, or 
modify it as you wish. It may even generate 
a bug of an idea for a design of your own. 

construction 
This paddle was made from scraps avail-

able in my workshop. The base is two pieces 
of quarter-inch Lucite cemented together 
with epoxy. The Lucite used to be one of 
those sheets that people put on their desks 
with notes, charts, and pictures of the family 
looking up from underneath. It was thrown 
out because it was rough and scratched so 
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fig. 2. Main support A. 

badly it lost its usefulness—except to me. 
However, almost any insulating material can 
be used such as hard rubber or bakelite. 

I could have made a lead base to keep the 
paddle from sliding around. I decided not 
to, though, because heavy as my old bug 
was, I still had to screw it down to the desk 
top. So I settled for an insulating material 
that didn' t complicate the design by having 
to insulate the contact posts and binding 
posts. One screw holds it to the desk, no 
matter how heavy handed you might be. 

Does the paddle (fig. 1) look like a big 
undertaking? Actually it should be easier for 
you than for me, because I made the piece 
parts first, depending only on an image of 
what I wanted. The drawings were made 
after I decided to wr i te it as a construction 
article. And believe me, it took much less 
time to bui ld the paddle than to produce 
the drawings. 

Except for one area, there's nothing criti-
cal despite the formidable fractional dimen-
sions which are in inches. They're for the 
purists. Reasonable errors can be tolerated, 
because the final adjustments wi l l compen-
sate for any small misalignments. 

the rocker panel 
The critical area that requires care is mark-

ing the rocker panel to match the three 
points of the main support (fig. 2) against 
which the rocker panel and paddle assembly 
wi l l be held by the tension spring. Precision 
measurements can be avoided by using the 
main support points as a template. But care 
is required. (That's the way I did it.) 

After the three points have been made on 
the main support (A) and filed flush, care-
fully place the main support over the rocker 
panel (B) and align it so that the upper in-
verted-V section is matched flush. Wi th the 
main support resting lightly on the rocker 
panel, gently tap the top screw to make a 
mark on the rocker panel. Wi th the top pin 

fig. 3. Rocker panel B. 

.003 THICK ALUMINUM 

-N0.4SDMU. AT 
ANGLE SHOWN 

fig. 4. Paddle arm C. The wire spring feeds through 
the hole drilled on a 15° angle. 
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snugly in the mark, recheck the alignment, 
then tap one of the other screws. With the 
two screws snugly in place, tap the third 
screw. 

the pressure points 
Now that the three points have been lo-

cated, they can be enlarged with a center 
punch. A depth of 1/32 inch is sufficient. 
To get the feel of how much of a wallop 
you'll have to apply to the center punch, try 
practicing on scrap aluminum. 

Now that the pressure point seats have 
been made, a word of caution: these seats 
match the points on the main support. 
Don't change the screws on the main frame. 
If you have any reason to turn them after 
marking the rocker, chances are you won't 
be able to re-align the pointed screws to 
match the seat exactly. So be sure that the 
pointed screws are set and tightened, then 
leave them alone. 

If you've been wondering why the assem-
bly drawing looks a little different from the 
photograph, it's because I built two paddles. 
The only difference is that for the first I used 
a heavy chunk of aluminum for the main 
support, and for the second I used a piece of 
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fig. S. Terminal contact post 0 (two required). 

fig. 7. Silver contact G (two required) and contact 
screw L. Sufficient scrap should be left after making 
the silver contacts to make a silver contact for the 
contact screw. Cut a piece to size, solder to the end 
of the screw, and trim to size with a fine file. 
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flBKmBtusin-
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fig. 6. Paddle E (two required). 

fig. 8. Support point H (three required). 

fig. 9. Retain- suborn-
er screw J 
(two required). 
After the rock-
er panel sub-
assembly is in 
place, insert 
the retainer 
screws and 
lock with nut, 
permitting just 
enough gap to allow freedom of paddle motion, 

LOCKNUT 
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bent, 1/8-inch stock. I made a photo of the 
first one and drawings of the second. 

Fig. 1 shows knurled instrument-type 
screws and lock nuts. This was wishful think-
ing on my part. Actually, only ordinary 
round-head screws were used as can be 
seen in the picture. If you wish to use fancy 
screws, be sure that the tap matches the 
screw threads. 

detail parts 
Now to pick up the odds and ends. A 2-56 

x V2 inch screw holds the silver contacts to 
the paddle arm. The screws that hold the 
bakelite paddle to the paddle arm are 4-40 

x V2 inch. The terminal screws, those that 
hold the main support to the base, and the 
screws that hold the contact posts are all 
8-32 x 7/8 inch. The screw that holds the 
paddle arm to the rocker panel is 6-32 x 3/8 
inch. Before final assembly, I polished each 
piece part, including screws, on a buffing 
wheel. If you'd like to silver plate the parts, 
a good article on this appears in ham radio, 
December, 1968, page 62. 

The second version of the paddle is pres-
ently in use at W3NK. The first version 
(photograph) was given to K3SFT as a me-
mento of his visit to my station. 

ham radio 
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fig. 11. Tension spring M. The one 1 used is 3/8" diameter and 
about 1" long—from the junk box. Just about any small spring will 
work since final adjustment is made on the spring-support post 
(fig. 12). 
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fig. 10. Keyer base K. 
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fig. 13. Base terminal wiring. 
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solid-state 
antenna switch 

for 

two meters 

Adapted from 

a commercial design, 

this rf-activated switch 

has many features 

that will appeal 

to vhf enthusiasts 
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The subject of antenna switching without 

relays was discussed in fairly down-to-

earth terms in a 1968 issue of ham radio.1 

Much is being done in this area on a 

more sophisticated level, however, which 

should be of interest to amateurs. I refer 

to the "mystery" band above two meters. 

This is known as the business radio ser-

vice (BRS) band and occupies 150 to 174 

MHz. Design engineers have been produc-

ing for this service some interesting circuits 

that are adaptable to amateur use, especially 

since the BRS frequencies are so close to 

the two-meter band. 

Many manufacturers are now turning 

out fixed-frequency versions of their two-

meter lines for use in the BRS band, which 

until recently has been an fm band. While 

single sideband has been , designated for 

marine radio, the BRS equipment de-

signers are just beginning to use a-m. All 

this has spurred new interest in equipment 

design, because a-m versus fm is a con-

troversial subject in these communications 

circles, especially from a performance and 

reliability standpoint. 

Let's take a look at a solid-state rf-

activated antenna switch designed by Mr. 

K, W. Angel, applications engineer for 

RCA at Meadow Lands, Pennsylvania. 

This switch has several features that wi l l 

appeal to amateurs: low insertion loss, 

fast response, reliability and low-cost 

components. 
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The switch exhibits about 0.2 dB loss 
during transmission and provides about 
25 dB isolation of the receiver. As re-
ported by Mr. Angel,2 "Receiver sensitivity 
is not measurably degraded by resistive 
losses within the . . . diode." Furthermore, 
the simple device (see fig. 4 for the cir-
cuit RCA finally adopted) has had an 
"excellent record of service in the field. 
Severe customer acceptance testing has 
not produced a failure." 

foolproof, fail-safe 
At a Canadian IEEE annual meeting on 

vehicular communications an RCA repre-
sentative stated, "Coupled with simplicity, 

LI 

fig. 1. Essential elements of the rf-aetivated anten-
na switch. C1 and LI are parallel resonant at the 
receiving frequency. 

we have developed (switching) circuitry 
that is foolproof and fail-safe," It was 
further pointed out that no adjustments 
are possible that could damage the re-
ceiver, certainly a feature most two-meter 
men can readily appreciate. 

Gas discharge tubes have not been used 
in the past for one basic reason: poor 
reliability. Only with the advent of ac-
celerated semiconductor technology has 
an acceptable design been possible. 

RCA's design considerations included 
simplicity, convenience and low-power 
consumption—similar to conventional t-r 
switches. Only three external terminals 
would be needed: antenna, transmitter 
and receiver coaxial inputs (50-ohm lines). 
The switch could then be used with near-
ly all existing transceivers. 

the circuit 
The basic elements of the rf-activated 

antenna switch are shown in fig. 1. As 
the transmitter is turned off, rf signals 
from the antenna are applied to the re-
ceiver through the pi filter consisting of 
L2, C2, and C3. C1 and LI are parallel 
resonant at the receiving frequency. As the 
transmitter is activated, the first rf-voltage 
cycle exceeds the diodes' breakdown volt-
ages. This forces D1 to conduct, which 
shorts C1 and L1; then D2 shorts C3. What 
happens is shown in the equivalent cir-
cuit, fig. 2. Rf output is switched to the 
antenna, and the voltage divider, L2 and 
R2, isolates the receiver. C2 and L2 are 
selected to resonate near the transmitting 
frequency to avoid what the designer re-
fers to as "reactive transmitter loading." 

Damage to the receiver's first rf-ampli-
fier transistor could occur if the circuit 
were left as it now stands. The reason is 
that the time duration, before D2 breaks 
down after D1 starts to conduct, could be 
significant. To circumvent this, further iso-

TRANSMITTER 2 

ANTENNA 

fig. 2. How the circuit appears when the transmitter 
has been activated. Note that C1, C3, D1, D2 and L1 
have been effectively shorted out of the circuit. Rt 
and R2 (R2 as a voltage divider with L2) isolate the 
receiver from what's happening. 

lation of the receiver is recommended. 
The designer added a second filter sec-
tion between D2 and the receiver (see 
fig. 3). D3 is a low-power switching diode 
that isolates the receiver just before D2 
conducts. Interestingly, it was found that 
D3 turned on when it shouldn't have. The 
problem was resolved by placing the re-
ceiver at some multiple of one-half wave-
length from the diode. In this manner, un-
desired signals rejected by the receiver's 
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fig. 3. A second filter 
section has been added 
to prevent possible re-
ceiver damage caused 
by time lag between 
breakdown of D1 and 
D2. D3 doubles effective-
ness of low-pass filter. 
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low impedance selectivity characteristics 
are not sufficient to cause D3 to conduct. 

operation and tests 
Fig. 4 represents the final circuit. Vari-

ous varactors, p-n junction diodes or oth-
er switching types could be used with dif-
ferent forward and reverse biasing tech-
niques. In operation, the circuit acts as a 
continuation of a low-pass filter inserted 
between receiver and antenna. O n trans-
mit, inductance L2 approaches parallel 
resonance with C2 and a second capaci-
tance value on the transmit side of D1. 
This effectively reduces C2's value, result-
ing in an increase in the low-pass filter's 
high-end cutoff frequency. In tuneup, C2 is 
adjusted for minimum receiver-frequency 
feedth rough. 

Several tests were performed that are 
well worth examining. To ensure that the 
circuit could withstand equipment faults, 
for example, conditions of open or short-
circuited antenna were simulated. Accord-
ing to the designer, the most severe fault 
condition was run at 75° C ambient on a 
continuous basis for over 72 hours with 
no apparent change in diode performance 
characteristics. 

From a two-meter enthusiast's view-
point (especially mine, with my limited 
pocketbook), the next test was even more 
significant. A life test conducted at 60°C 
revealed that small and inexpensive glass-
package diodes are fully capable of con-
tinuous operation through 174 MHz with 
output powers to 80 watts. At 80 watts, 
according to the designer, "The level of 
power was sufficient to darken the paint 
on the diode package." But no operation-
al deterioration could be detected. Later, 

a larger-stud package was put into the 
rcuit. Power was increased from 90 

through 350 watts (output). After operat-
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fig. 4. Final vhf antenna switch now being used ex-
tensively by communications equipment manufactur-
ers. C I is tuned for minimum feedthrough of the 
receiver frequency; it is a preset adjustment (con-
ventional 5-25 pF trimmer) that almost never requires 
retuning. 

ing for two days at the 350-watt level, no 
deterioration was measured. 

Incidentally, for those of you scrambling 
for the soldering gun and junkbox Mr. 
Angel's version as adopted for use in this 
years line of solid-state vhf communica-
tions equipment measures a scant 1-inch 
high by 1-inch wide by 2'/4-inches deep. 
And that includes the physical dimensions 
of the three coaxial connectors! 
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i l l integrated 

noise blanker 

As long as we have radio receivers, noise in 
one form or another will probably always be 
with us. This unwelcome but necessary evil 
depends on atmospheric and ionospheric 
conditions, station location and the frequency 
covered by the receiver. In general, receiver 
noise is of two types: (A) short duration, 
high-impulse amplitude, and low repetition 
rate, or (B) long duration, moderate impulse 
amplitude, and high repetition rate. Ex-
amples of type A are ignition and click-type 
noise; atmospherics are typical of type B. 

Atmospheric noise is by far the most diffi-
cult to overcome, because its characteristics 
are similar to those of the desired signal. 
Special signal processing circuits that dis-
tinguish between this type of noise and the 
desired signal can be designed, but they 
are complex and generally involve a process 
that compares the received signal with an 
"expected model" of the desired signal. Such 
a process is generally only possible with a 
digital type of transmitted signal. 

There is really no need to compromise 
your operating by living with the racket and 
clatter caused by impulse noise, especially 
with all the technology available today using 
solid-state circuits that can be put together 
by the average amateur using low-cost de-
vices. The following paragraphs describe a 
really effective noise blanker using IC's. All 
you need do is follow my suggestions with 
regard to layout and lead dress, and you can 
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build a noise silencer that will provide many 
hours of operating pleasure. It could mean 
the difference between working that rare 
station and not hearing him at all. 

noise suppression circuits 
Many circuits have been developed to sup-

press the effects of high-impulse, low-
repetition rate noise. Such circuits fall into 

g fig. 1. Basic stages of the Lamb noise blanker. 
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either of two categories—the first type limits 
the absolute value of a received signal, thus 
ensuring that the noise impulses don't ex-
ceed the level of the desired signal and hence 
aren't unduly irritating. This allows the re-
ceiving operator to perform a type of filtering 
wherein he distinguishes between the noise 
signal and the real information signal. The 
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second type makes the receiver instantane-
ously inoperative during a noise impulse, 
so that the operator never hears the noise 
impulse and has only to integrate mentally 
the portions of the received signal conducted 
before and after the presence of the noise 
impulse. 

a buiit-in example 
This integrating process may sound rather 

complex, but actually it isn't. The simplest 
example occurs in everyday speech. Under 

fig. 2. Internal circuit of the Fair-
chi ld JU.L914 dual two-input gate inte-
grated circuit used in the noise 
blanker. 
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somewhat noisy conditions, we may not dis-
tinguish every word a person says, but be-
cause we understand the language and 
generally the subject matter, we fill in men-
tally any missing portions. In fact, studies 
show that, for the expression of simple ideas, 
30 or 40 percent of the actual expression of 
these ideas can be absent, and a person 
familiar with the language and background of 
the speaker will receive clear communication. 

Circuits that make the receiver inoperative 
during a noise impulse are called noise 
silencers or blankers. One of the classic 
methods of accomplishing this action was 
developed by Lamb. The basic circuit (fig. 1) 
is referred to as a Lamb-type noise blanker 
or silencer. 

blanker circuit operation 
Fig. 1 shows that the signal at the output 

of the first mixer of the receiver to which 
the noise silencer is added is iri two parts. 
The main portion flows, as usual, directly 
into the first i-f amplifier. However, a small 
portion of the signal flows into a so-called 
noise amplifier. This amplifier doesn't really 
distinguish between the desired signal and 
noise, but amplifies both noise and signal 
much the same as the usual i-f amplifier. 

The output of the noise amplifier is recti-
fied, and the resultant dc control voltage 
regulates the action of a cutoff device or 
circuit that makes the normal i-f amplifier 
inoperative. The rectifier threshold control is 
set so only signals of a definite amplitude 
from the noise amplifier will activate the cut-
off circuit. Thus, the circuit can be set (by 
the threshold and noise amplifier gain con-
trols) so that noise from the first mixer ex-
ceeding a given value will activate the cutoff 
device and control the first i-f stage output. 

The basic idea of producing an instanta-
neous interruption in the signal output, when 
a noise impulse is present, can be applied to 
any stage in a receiver right up to the audio 
output stage. However, it has value only 
when applied as early as possible to the 
receiver signal-processing chain. This is be-
cause every tuned circuit a noise impulse 
encounters, as it passes through the receiver, 
tends to elongate the noise impulse due to 
the Q, or ringing, effect of the tuned circuits. 
The exact elongation a noise impulse receives 
depends on the receiver characteristics. 
However, it's not impossible for a noise im-
pulse with a real-time duration of micro-
seconds to be apparent as a milisecond im-
pulse by the time it reaches the audio output 
stages. 

Disabling the receiver for the duration of 
a microsecond pulse will never be noticed, 
but disabling it for many milliseconds may 
produce a noticeable decrease in received 
signal intelligibility. The high Q of the i-f 
circuits also accounts for the fact that many 
conventional noise limiters produce no real 
benefit for ssb or cw reception. 

By the time a sharp noise impulse reaches 
the detector, so much circuit ringing and 
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fig. 3. Schematic of the integrated-circuit noise blanker. All IC's are Fairchild //L914's or equivalent. 

impulse elongation have occurred that se-
vere signal distortion is present, which no 
limiter can change. So, with modern receiv-
ers, some variation of the Lamb circuit offers 
the only practical solution to eliminate the 
effects of impulse noise. 

the ic lamb unit 
The integrated-circuit version of the Lamb 

silencer uses three inexpensive Fairchild 
/iL914 units. Fig. 2 shows the circuit of each 
mL914 unit, which contains four transistor 
functions. 

The tube-type Lamb unit used a loosely 
coupled i-f transformer at the input to the 
noise amplifier to gain some degree of 
signal/noise discrimination and a diode 
switch or double-grid tube such as a 6BE6 
either to act upon or replace the first i-f stage 
to achieve cutoff. The IC uses a slightly differ-
ent approach, although the over-all operation 
is the same as the tube unit. 

Fig. 3 shows the wiring of the IC. The 
first /iL914 on the left is a common emitter 

amplifier. It provides a degree of noise dis-
crimination due to the time constants in the 
coupling circuits. The second IC is a Schmidt 
(rigger. This is the main area in which the IC 
circuit differs from the tube circuit. The out-
put of the trigger goes positive when the 
input voltage exceeds a certain value. Then 
the trigger switches to zero output when its 
input voltage falls below another set value. 

The input voltage required to make the 
trigger switch is adjusted by a triggering 
level control, which is the equivalent of the 
threshold control in the usual Lamb circuit. 
The level control is also used to control 
simultaneously the gain of the noise ampli-
fier. 

The last /U.L914 unit is a simple diode switch. 
Positive pulses from the Schmidt trigger 
cause the switch to disable the i-f signal path. 
The fact that no rectification takes place, as 
in the usual Lamb circuit, means that switch-
ing is extremely fast, and no compromise is 
necessary between rectifier output filtering 
and a short time constant. 
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construction and adjustment 
It's almost impossible to describe a unit 

that wi l l universally fit any receiver. There-

fore, the IC unit should be breadboarded 

before installation. The unit shown wi l l work 

nicely w i th many receivers, but others may 

require that the signal f rom the detector 

stage be further amplif ied. This can be done 

by connecting another IC amplif ier circuit 

similar to the first ML914 shown in fig. 3 in 

series wi th the first amplif ier. 

Also, an i-f transformer can be used be-

tween the detector stage and noise amplif ier 

to provide increased voltage gain. The circuit 

should be usable at i-f's to about 2 MHz. At 

higher frequencies some signal leakage 

through the last ML914 switch wi l l be notice-

able. Other dual- input gate IC's may be used 

in place of the ML914'S if information on their 

biasing is available. 

Construction can be accomplished by 

grouping the circuit components on a piece 

of Vector board, which is then mounted by 

the detector/f irst-i-f stage. I recommend that 

the unit not be used externally, because the 

effect of long signal cables can easily degrade 

performance. Care should be taken that the 

leads to terminals 1 and 7 of the last ,uL914 

switch are wel l separated to prevent signal 

leakage. Also note that the /tL914 switch 

breaks the dc line between the first i-f trans-

former and the base of the first i-f amplifier. 

If bias for the stage is fed through the 

secondary of the i-f transformer, it must be 

rerouted to go after the coupl ing capacitor 

from terminal 7 of the last M L 9 1 4 . Connection 

of the unit w i l l also generally require simple 

repeaking of the first i-f transformer primary 

and secondary. 

The triggering level control carries only 

dc and may be located wherever desired; 

it can be an external panel control, or it can 

be set and left alone if continuous noise 

silencer action is desired. 

For the reasons previously stated, the noise 

silencer should be placed wel l ahead of the 

receiver selective circuits. For receivers hav-

ing broad selectivity, typical of some vhf 

types, the silencer may still prove reasonably 

effective if placed later in the i-f strip, or 

possibly even in the audio circuit. 
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Nearly all of us have had our curiosity 
aroused by a recent series of advertise-
ments by a new name in the amateur 
field, Signal/One in St. Petersburg, Florida. 
While I was in the Sunshine State to at-
tend ihe Tropical Hamborce in Miami I 
decided to take an extra day and see 
just what was going on on the other side 
of the state. 

I found Signal/One in a small modern 
plant in the shadow of their parent com-
pany, Ihe ECI Division of NCR. A quick 
tour of ECI disclosed approximately 2000 
people producing all types of military 
equipment from sophisticated satellite ter-
minals to small man-pack sets for use in 
underdeveloped parts of the world. 

But the visit became really interesting 
when Don Fowler, VV4YET, project engineer 
for the CX7 of Signal/One and Dick Ehrhorn, 
VV4ETO, Ihe general manager, introduced 
me to their new integrated station. 

It is a transceiver, whether or not their 
ads are willing to accept the fact, but the 
title "integrated station" is also a very 
appropriate description. Not only do they 
offer an excellent transceiver, they have 
included in the same box a 115/230-volt, 
60-llz power supply, an extra vfo, an IC 
keyer, an rf clipper plus a noise blanker. 
The complete transceiver is solid state with 
the exception of the final power-amplifier 
stage. 
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The standard unit covers all amaleui 
bands between 1,8 and .."' " MM/. A So 
crystal permits operation in one l -MH/ -.n; 
nient in any one of the bands from 1 to i, 
4 to 7. or 8 lo 14 M i l / : l l iree ^p.iie band-
switch positions are included (or this pur-
pose. As an extra feature the CK7 oilers a 
tour-digit frequency counter with Nixie'* 
tube readout that gives you inning ac-
curacy down to 100 Hz. 

You have your choice of broadband or 
tunable transmitter output at the change 
of a switch; if your antenna has an swr 
beknv 1.5:1 it is absolutely unnecessary lo 
tune ihe transmitter in anv way—the receiv-
er preselector needs peaking, of course—just 
dial the frequency at which you wish to op-
erate, and start talking. The transmitter fea-
tures an RCA 8072 operating at a conserva-
tive 300 watts PEP under steadv-stale condi-
tions. It is conduction cooled and has more 
than ample heat dissipation. The ale circuitry 
offers both grid and screen protection as-
suring Ihe longest possible tube life. 

Probably the most interesting part of the 
CX7 is the receiver. The designers have 
incorporated two extremely steep-sloped 
filters, with a combined bandpass of 2,0 k H z 
at 6 (IB down and 3.0 kHz at Ml dB down, 

Compact but uncrowded layout of the CX7. 

together with the niftiest new passband 
tuning arrangement (Electronic i-f shift") 
thai anyone has yet io come up with. 
Sign.il/One is also promising an outstand-
i n g C V V f i l ler , but it w a s not in the unit 

whic h I used. 

t?v lulling the bio crystal oscillator 
(fig. 1) both second mixer injection and bfo 
injection into tlx: product detector are 

" jMlrnl .ippliecl lor 

Don Fowler, W4YET, project engineer at 
Signal One, left, and Skip Tenney, 
W1NLB, right, with the engineering pro-
totype of Ihe Signal One integrated sta-
tion. 

v.uied by an equal amount. Thus, as you 
vary (his tuning control, the signal you are 
listening to remains unchanged but its re-
lationship to ihe i-f passband can be com-
pletely altered. With the very sharp filter 
skirls you can listen lo a CVV signal and 
drop an interfering signal in and out al-
most as though it was being switched on 
and off, Even a "1000 microvolt signal from 
a signal generator was easily eliminated 
—whether just above or just below the de-
sired signal. When listening to the -lO-meter 
phone band I found no signal that could 
not be comfortably copied through the 
European broadcast Q R M that is so preva-
lent on the East Coast in the late after-
noon. 
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fig. 1. Block diagram of the Signal /One CX7. 

Not only does this rig offer outstanding 
selectivity, it scores very high in the versa-
ti l ity department too. It can be operated 
as a straight transceiver offering several 
kHz of offset tuning, or you may listen to 
two channels simultaneously and transmit 
on either channel at the push of a but-
ton. Receiver preselector tuning is inde-
pendent of the transmitter so split-fre-
quency operation can literally be from 
one end of the band to the other; the 
broadband transmitter circuits completely 
eliminate any form of transmitter tuneup. 

In the block diagram you can see many 
of the interesting features. The diagram 
has been simplif ied to eliminate much of 
the special switching, but all of the basic 
functions are shown. Special functions such 
as vox have been left out for clarity al-
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t h o u g h ( h e y a d d much la i h e usefulness of 

the e n t i r e unit . 

T h i s d e s i g n has m a d e e x t e n s i v e u s e of 

the latest d e v i c e s . For instance, d u a l - g a t e 

mosfets are u s e d in the front e n d , in m o s t 

m i x e r s a n d in the h i g h - f r e q u e n c y i-f s tages. 

I C s are i n c o r p o r a t e d into the a u d i o o u t -

put , the e l e c t r o n i c k e y e r , the f r e q u e n c y 

c o u n t e r , the l o w - f r e q u e n c y i-f str ip a n d the 

final b r o a d b a n d m i x e r in the t ransmit ter . 

A n o t h e r interest ing d e s i g n i n n o v a t i o n is 

the u s e of g r o u n d - p l a n e c i r c u i t b o a r d s . 

T h i s refers to the use of p r i n t e c l - c i r c u i t 

b o a r d s w i t h c o p p e r fo i l o n b o t h s ides . O n 

the s i d e o n w h i c h the c o m p o n e n t s are 

m o u n t e d the fo i l is g r o u n d e d a n d acts in 

m u c h the s a m e m a n n e r as a c h a s s i s in 

c o n v e n t i o n a l c o n s t r u c t i o n . T h e foi l o n the 

o t h e r s i d e of the b o a r d is u s e d for c i r c u i t 

w i r i n g in the n o r m a l m a n n e r . S i g n a l / O n e 

c l a i m s this offers m u c h better s tage i s o l a -

t i o n a n d stabi l i ty . 

A l t h o u g h there is m u c h m o r e that is n e w 

in this un i t a n d w e l l w o r t h y of c o m m e n t , I 

h a v e o n l y t r ied l o hit the h i g h s p o t s of 

this n e w d e s i g n . T h e r e s h o u l d b e a n u m b e r 

of c o m p l e t e t e c h n i c a l r e v i e w s p u b l i s h e d as 

the C X - 7 b e c o m e s m o r e a v a i l a b l e . 

The final-amplifier tube is clamped to a block of 
Beryllium oxide that provides a thermal path to the 
heat sink as well as high-voltage insulation. The final 
tank circuit (left) uses a low-Q toroid design. 

specifications 
general 
frequency 

coverage: 1.8 to 29.7 MHz transceive, 

vfo's: dual permeability-tuned oscil-
lators, resetability to 100 Hz 

frequency 
readout: 

built-in frequency counter with 
digital readout to 100 Hz 

stability: less than 100 Hz in first half 
hour; less than 50 Hz in any 
hour thereafter at fixed am-
bient 

C W keyer: built-in, 5 to 50 wpm 

power supply: built-in, 115/230 volts, 60 Hz 

sensitivity: better than 10 dB signal-plus-
noise-to-noise ratio with .33 /iV 
at 10 meters (2-kHz bandwidth) 

selectivity: 2 kHz at —6 dB, 3 kHz at 
—60 dB provided by two cas-
caded crystal filters; optional 
C W filter available 

image 
rejection: 80 dB 

i-f rejection: 60 dB 

age: less than 6 dB audio output 
change for signal level from 
1 /<V to 100 mV; selectable 
hang time 

i-f shift: variable up to 2 kHz above and 
below normal 

noise 
blanker: 

active blanker with adjustable 
threshold 

power: 300 watts PEP input, 150 watts 
minimum P E P output on all 
modes and bands 

carrier 
suppression: 60 dB 

unwanted 
sideband: 60 dB down 

distortion: third-order intermodulation 30 
dB below each of two equal 
tonos at full-rated output 

tuning 
controls: 

none for amateur bands when 
load swr does not exceed 
1.5:1 

power 
amplifier: 

conduction-cooled 8072 cer-
amic-metal tetrode 

duty cycle: continuous at full-rated input, 
all modes 

speech 
processing: 

rf envelops clipper built-in 
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The ionosphere is divided into three main 
regions: the D region that extends from ap-
proximately 30 to 55 miles above the earth's 
surface, the E region from 55 to 80 miles and 
the F region from 80 miles to 250 miles or 
more above the earth's surface. This month's 
column will primarily be concerned with 
processes that occur in the E region. 

The earth's atmosphere is well mixed and 
chemically homogeneous below the E region. 
At greater heights the atmospheric consti-
tuents are separated according to their atomic 
weight. The most important change in the 
neutral atmosphere in the ionosphere is the 
dissociation or breaking apart of diatomic 
oxygen (Os) to monatomic oxygen. From 
heights greater than 80 miles to the peak of 
the ionosphere, monatomic oxygen makes up 
the largest part of the atmosphere; at greater 
heights lighter gases dominate. 

At a height of about 67 miles, diatomic 
nitrogen (No) comprises 69 percent of the 
atmosphere (compared with 78 percent at the 
earth's surface). Monatomic oxygen com-
prises 25 percent and diatomic oxygen 6 per-
cent of the atmosphere (compared to 21 
percent at the surface of the earth).1 In ad-
dition there are traces of argon, monatomic 
nitrogen, monatomic hydrogen, neon, he-
lium, krypton, xenon, ozone and water in 
descending order of occurrence. There are 
about 2.4 x 1012 molecules per cubic centi-

may 1969 (JJJ 61 



meter at these heights, but less than one in 
ten million is ionized at any one time. But it 
is the coherent minute motions of trillions 
of free electrons under the influence of radio-
frequency electric fields that makes iono-
spheric radio propagation possible. 

Solar flux of ultraviolet and x-rays is pri-
marily responsible for photo-ionization in the 
ionosphere. Photo-ionization is the dissocia-
tion of a molecule into a positive ion and a 
free electron by the absorption of radiation. 
The ultraviolet flux primarily responsible for 
the ionization of the E region has wavelengths 
between 900 and 1216 angstroms. This radia-
tion is produced primarily by emission from 
excited hydrogen and carbon atoms in the 
solar atmosphere. The x-ray flux occurs in the 
wavelengths between 10 and 100 angstroms.1 

Although diatomic oxygen comprises only 
6 percent of the atmosphere at E - r e g i o n 
heights, it furnishes about half of the free 
electrons. The other half of the free elec-
trons are furnished by ions of nitric oxide 
(NO+) 2 . In addition, significant quantities 
of magnesium, sodium, iron and calcium 
ions have been found at E-region heights. 
The total electron density, N, in the daytime 
E-region has been found to vary as 

N = 104 (180 + 1.44R)x 

Where x is the solar zenith angle and R is 
the smoothed sunspot number. 

The intensity of solar radiation responsible 
for the E-region varies by a factor of about 2 
between the years of low and high solar ac-
tivity, The maximum electron density of the 
normal E-region is about 100,000 per cubic 
centimeter. The electron density of the night-
time E-region reaches a minimum of about 
1000 per cubic centimeter which is comp-
arable with the density of monatomic metal-
lic ions. Since the characteristic time required 
for the recombination of the normal ions 
(NO-f- and 0 2 + ) is on the order of 17 
seconds and for monatomic ions is many 
weeks, it appears probable that the ioniza-
tion of the nighttime E-region and night-
time sporadic-E is due to presence of mete-
oric metallic ions. 3' 4 

Fig. 1 is a time chart of E-layer muf for 
May 1969. This chart gives the maximum 

frequency usable for regular E-layer com-
munications over 2000-km paths (1200 miles) 
and may be used in the same way as the F2 
layer chart except the control point is only 
600 miles away. Practically, however, the 
E-layer muf will frequently be much higher 
during summer due to the presence of 
sporadic-E (Eg), 

sporadic-E 
Sporadic-E is an ionospheric layer and 

propagation mode that involves reflection 
or scattering from the E-region of the iono-
sphere. Sporadic-E propagation is distin-
guished from regular refraction processes 
in the daytime E-layer in that higher than 
normal frequencies are reflected (often only 
partially) from regions localized in time 
and place. Sporadic-E is distinguished from 
meteor reflections in that it is prolonged 
over a period of several minutes to several 
hours. 

Sporadic-E is observed both by vertical 
incidence ionosondes and by oblique sound-
ers and communications circuits. Observa-
tions with an oblique sounder lead to a class-
ification of nine different types of sporadic-E, 
eight of which can be found in the United 
States. The seasonal and diurnal character-
istics of sporadic-E vary widely with latitude 
and even with longitude. In the auroral zone, 
sporadic-E is least likely during the hours of 
0600 and 1500 local time; in temperate and 
equatorial zones Sporadic-E is most likely 
during those hours.5 The boundary between 
the auroral and temperate zones, as far as 
Sporadic-E is concerned, is not well de-
lineated. 

My personal experience of over 15 years 
on 50 MHz suggests that the northern United 
States may have some characteristic of both 
zones. It is fairly well established that strong 
and widespread sporadic-E openings occur 
more frequently when the path midpoint is 
at southerly latitudes. In fact, sporadic-E oc-
curs less frequently at north temperate lati-
tudes than anywhere else. Texas, Florida, 
Southern California, and the Caribbean, the 
Gulf states and south-western states have an 
advantage over the northern states for mul-
liple-hop 50-MHz and single-hop 144 MHz 
sporadic E.6 However, for widespread occur-
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rence of temperate-zone sporadic-E, the Far 
East is hard to beat. A very persistent type of 
sporadic-E also occurs over the geomagnetic 
equator. 

A sporadic-E "cloud" is seldom a perfect 
reflector at frequencies of 50 MHz and above. 
Propagation losses of 20 to 60 dB over free 
space are common at vhf. One contributing 

fig. 1, Time chart of me- 90 
dian E-iayar for May 1969 
predicted for the regular 
daytime E-layar. 

curs at frequencies below 21 MHz, it is 
frequently not recognized as such. At 21 and 
28 MHz, propagation frequently occurs by 
mixed sporadic-E and F2-layer modes. At 50 
MHz there is little difficulty in recognizing 
sporadic E since it is usually the only mode 
propagating at the time. 

May, June and July are the months of peak 

factor is that the cloud may be small, i.e., 
less than a Fresnel zone* in extent. The pri-
mary factor, however, is that sporadic-E is 
frequently a poor reflector—most of the sig-
nal is transmitted through the "layer". 

Present-day theories suggest that most 
temperate-zone sporadic E takes the form of 
a thin reflecting stratum, perhaps less than a 
mile or so thick, found most frequently at 
heights between 60 and 75 miles. The hori-
zontal extent of a sporadic-E cloud may 
range from tens of miles to hundreds, and it 
may or may not move. It it does, it is gen-
erally from east to west at velocities of 
around 100 mph.7 

Our prime interest in sporadic E is its 
ability to reflect signals at much higher 
frequencies than are reflected by normal 
ionospheric layers. Although sporadic E oc-

occurrence of sporadic E in temperate lati-
tudes in the northern hemisphere. A minor 
peak frequently occurs in December and 
January. 

A large patch of sporadic E as viewed by 
a vertical incidence sounder may evolve from 
a small bulge in the virtual-height-vs-fre-
quency trace at the top of the E-region, de-
scending and strengthening to form a thin 
layer near a height of 67 miles. Occasionally 
sporadic E is seen at heights as low as 55 
miles, and more than one layer may be pres-
ent at one time. 

Only recently with the advent of sounding 
rockets and guns has appreciable progress 
been made in direct measurement of the con-
ditions surrounding a sporadic-E cloud. Ion-
ospheric winds are measured by observation 
of the drift of chemi-luminescent trails;8 

chemical composition of the positive ions is 
measured with a mass spectrometer.9 The 
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results of these measurements suggest that 
temperate-zone sporadic E results from an 
accumulation of ions at a preferred height 
of convergence of the vertical component of 
the neutral wind.3 

sporadic-E last year 
The year of 1968 was exceptional for the 

reported occurrence of sporadic E in the 144-
MHz band. Openings were reported on May 
29 and June 10, but the-most widely observed 
were the openings of June 20 and 21, starting 
about 2230 gmt both nights.10 The number 
of observations was sufficient for me to run 
a crude statistical analysis of the data. All 
contacts and "heard" reports listed in QST 
where both station's locations could be as-
certained were computer analyzed to deter-
mine the path length and the coordinates of 
the path center. 

Most of the reports were for paths between 
900 and 1400 miles long (see fig. 2). A scatter 
plot of longitude and latitude of the path 
centers is shown in fig. 3 with a rough out-
line of the state boundaries. Most of the path 
midpoints are clustered about the probable 
location of the sporadic-E cloud at the time 
of reception. Notable deviations are the con-
tacts between K1FKW and K5GKR, and 
W3TFA and W4HD. Reports over 1400 miles 
and under 800 miles were: 

W 1 A Z K - W 5 M C C 1415 miles 

K2BWR-W5GVE 1454 miles 

W5MCC-W2YQ! 1410 miles 

W5MCC-W1YDF 1403 miles 

W1AZK-W4LSU 749 miles 

K2BWR-K4TAG 754 miles 
W3TFA-K4TAC 633 miles 

W4ISS-K2CBA 793 miles 

600 too ea> soo iooo uoo 1200 
DISTANCE (MILES) 

fig. 2. Distribution of two-meter reports 
according to distance far the sporadic-E 
openings of June 20 and 21, 1968. 

fig. 3. Midpoints of the 
two-meter paths for the June 
20-21 openings. It is thought 
that the sporadic-E clouds 
originated somewhere east 
of Washington, D, C . , and 
drifted to the Southwest. 
The points marked 1 and 2 
indicate off-path and off-
center reflections and are 
identified in the text. 
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Some of the exceptional distances or path 
midpoints may be due to errors in callbook 
addresses. Although I do not have the times 
of these reports, I would guess that the spor-
adic-E cloud was first detected just south and 
west of Washington, D.C. , and that it spread 
and moved westward with time. Some of the 
spreading to the west may be due to different 
tracks on the two days. 

of these charts have been covered in the 
column in the March issue. 

80 meters: Daytime maximum ranges of 300 
miles and nighttime maximum ranges of 
about 2000 miles may be realized in areas 
with low noise levels; but about half these 
distances wil l be more likely. May is a good 
month for local nets. Some DX may be 

It is very tempting to speculate that these 
two openings were more than a natural oc-
currence. Artificial electron clouds have been 
produced at Holloman Air Force Base, New 
Mexico,1 1 , 1 2 - 1 3 Egland Air Force Base, Flor-
ida and Wallops Island, Virginia. However, 
a thorough check of operations at Wallops 
Island indicates no activity on these dates; 
thus sporadic-E events were most likely of 
natural origin. 

propagation summary for may 
Summer has arrived in the northern-hemi-

sphere ionosphere, resulting in decreased 
daytime muf's, increased nighttime muf's and 
increased noise levels. The F2-layer muf's vs 
time of day and latitude are shown in fig. 4. 
May is one month where the differences be-
tween northern and southern states on 15 
and 10 meters is quite evident. The maximum 
range charts are shown in figs. 5 to 9. The use 

worked on quiet nights into the southern 
hemisphere, where wintertime conditions 
prevail, but frequent static crashes are likely 
to dampen your enthusiasm. 

40 meters: Continuous daylight over the 
North Pole may attenuate the European and 
Asian broadcasters somewhat. Good night-
time propagation is expected to the Southern 
Hemisphere (Africa, South America and 
Australia). Midday maximum ranges may be 
as short as 600 miles. 

20 meters: Twenty should remain open all 
night. Best DX wil l occur near sunrise (NW) 
and during the evening hours (NE). Remem-
ber that twenty may be closed to southern 
temperate latitudes during hours of darkness 
(theirs). During midday, however, you may 
have trouble working across the continent. 

15 meters: Fifteen wil l be the optimum band 
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fig. 5. Maximum range to the north from 38° N, lati-
tude as limited by absorption, atmospheric noise and 
system parameters (100 watts cw to typical antennas). 
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fig. 6. Maximum range to the northeast (top time 
scale) and to the northwest (bottom time scale) 
from 38° N. latitude. 

E 0 2 4 8 8 K> 12 14 18 
W 2H 22 20 18 18 14 12 10 8 

LOCAL TIME 

20 22 24 
8 4 2 0 

S£ 0 2 4 6 8 10 12 14 18 » 20 22 24 
SW 24 22 20 rn 18 14 12 10 8 6 4 2 0 

LOCAL TIME 

fig. 7. Maximum range to the east (top time scale) 
and to the west (bottom time scale) from 38° lati-
tude. 

fig. 8. Maximum range to the southeast (top time 
scale) and to the southwest (bottom time scale) from 
38° N. latitude. 
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fig, 9. Maximum range to the south from 38° N, 

latitude. 

for daytime DX, but may not open to other 

than southerly directions until midmorning. 

The time of the highest muf's to the north-

east may be as late as 2 pm and to the north-

west may be as late as 8 pm. Fifteen may be 

open to the southwest as late as midnight. 

10 meters: Many wil l have given up ten 

meters since openings between east and west 

coasts may have become much less reliable 

than during the Spring. However, muf's are 

way up in the cfaylit southern hemisphere 

and if you want to work Antarctica on ten, 

this is a good month. Sporadic E wil l be in 

evidence by one or more hops. 

6 meters: May marks the end of the trans-

equatorial (TE) season although Z K 1 A A re-

ports TE reception of Hawaiian tv signals 

throughout the summer months. May also 

marks the beginning of the sporadic-E season, 

which wil l likely start at southerly latitudes 

early in the month and work north as the 

month progresses. 

2 meters: Two meter operators should again 

be on the lookout for sporadic E, especially 

during the daylight and early evening hours, 

at southerly latitudes, and towards the end of 

the month. Tropospheric openings wil l be 

occurring farther north, and by the time this 
appears in print, KH6EEM and I should be 
running regular schedules trying to rebreak 
the California-Hawaii tropo path. 

meteor showers: Include the Aquarids, 

May 1 to 6 (0300-1200); the Cetids, 

May 19 to 21 (0530-1430); the Herculids, 

May 11 to 24 (1800-0630); and the Pegasids, 

May 30 (2300-1200). 
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tebook 

bandswitching fet 
converter postscript 

Since I recently completed the development 
of the "second generation" bandswitching 
fet converter,1 I felt that several design 
changes included in it would be of interest 
to those who built the initial version or are 
working along similar lines. 

Being rather elated at the time when 
Motorola solved my instability problems with 
a new super mosfet, it was only natural when 
contemplating a new design to give them a 
call on the off chance that they had come up 
with bigger and better things since my first 
attempts—and they had. The rf amplifier in 
the new version sports a mosfet with feed-
back capacity rated at less than 0.03 pF while 
retaining the high gain and low noise figure 
of the device I used in the previous converter. 

In addition, the new fet is a dual-gate affair, 
allowing age voltage to be applied to the 
second gate. The specs state that —3 volts 
will cut off the device. These new transistors 
can be used in the original converter but if 
you don't want to apply age, the second gate 
should be connected to the positive supply 
(not greater than 24 volts). 

The second design change occurred in the 
output circuit of the oscillator and was 
initiated after a discussion with the crystal 
manufacturer. He informed me that most 
high-frequency crystals above 20 MHz were 
overtone types and a selective circuit in the 
oscillator was necessary to pick out the cor-
rect overtones. It's possible that images could 
appear if this is not done, and if anybody 
experienced images on ten meters with the 

previous circuit, a tuned circuit will probably 
cure the problem. 

I had trouble with twenty-meter images in 
the new converter when listening on fifteen, 
although mathematically they should have 
been outside the range of the i-f strip being 
used to test the converter. I added a similar 
filter in the oscillator circuit for fifteen meters 
and cured the problem. 

SN706 
OSCILLATOR 

OUTPUT 

As seen in fig. 1 the oscillator output cir-
cuit now appears as two parallel-tuned 
circuits in series with an rf choke. The parallel 
circuits have a very high impedance at their 
respective resonant frequencies, but a mini-
mal impedance at frequencies removed from 
resonance. They are adjusted for resonance 
at the crystal frequencies used on the ten-
and fifteen-meter bands. Except for these 
changes, the second generation converter is 
identical in all aspects except for size and the 
inclusion of a power supply. 

Mike Goldstein, VE3GFN 
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dipole center insulator 

If you need a dipole center insulator in a 
pinch and can't get down to your local elec-
tronics emporium, try the gadget shown in 
the photo. Just cut out a triangle from 1/4-
inch plexiglass or other strong plastic, install 
some copper or brass strips with brass nuts 
and bolts, hook up your antenna wire and 
feedline and you're in business. 

Ted Woolner, WA1ABP 

teen- or sixteen-lead dual-inline package. 
Although it is fairly expensive, you can 
plug your IC in, solder wires to each pin 
and bring these out to flea-clip. This ap-
proach is a natural for casual experiments. 

The second method is to turn the IC up-
side down and secure it to the board wilh 
a small dab of glue (be sure to note the 
alignment dot on top of the IC before 
turning it over). This method lends itself to 
circuits that are going to be used for 
awhile. When soldering to the IC pins, use 
a small well tinned iron and gingerly 
solder your connections. Normally no heat 
sink is required if you are careful and 
treat the device as you would a silicon 
transistor. 

Elliott Kanter, W9KXJ 

underwriter's knot 

using integrated circuits 
There are many amateur projects show-

ing up wilh integrated circuits, but IC's in 
the dual-inline package (DIP) have two 
rows of pins spaced 0.1 inch apart. This 
tight spacing makes casual breadboard-
ing difficult at best, even if you use printed 
circuits. Here are two simple methods you 
can use to make the most out of IC's. 

Use standard Vector number I69P59/032 
perforated board. This board uses a hole 
arrangement that will fit either the four-

fig. 2. Underwriter's knot. 

I'd bet most hams are pretty adept at re-
placing ac power plugs and installing new 
line cords, but how many know how to tie 
the underwriter's knot? Most hams use a 
simple over-hand knot when terminating a 
line cord in a plug or lamp socket, but this 
is not only incorrect, it's unsafe. As you can 
see from the three steps shown in fig. 1, the 
underwriter's knot is easy to lie when you 
know how. Use it next time instead of that 
half-knot you've been using all these years— 
it's a lot safer. 

Jim Fisk, W1DTY 
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paxitronix frequency calibrator 
Since the new frequency regulations went 
into effect, a number of magazine articles 
have described ways of getting 25 kHz check 
points from a 100 kHz calibrator. Although 
tubes or transistors could be used for this 
task, integrated circuits can do the job with 
more accuracy and at less cost. The Paxitronix 
IC-3 uses a dual JK flip-flop IC in a divide-
by-four circuit that will 
convert a 1.5 volt rms 
sine wave into a square 
wave at one quarter the 
input frequency. The 
maximum toggle fre-
quency of the MC778 
flip-flop is in the neigh-
borhood of 8 MHz so it 
works well with the 
100-kHz crystal calibra-
tors that are found in 
most modern communi-
cations receivers. 

The Paxitronix IC-3 
frequency divider con-
sists of a transistor 
amplifier stage and in-
tegrated circuit, all on a 
miniature printed-circuit 
board about 1.3 inches square. Also mounted 
on the board is a 2-vvatt dropping resistor— 
its value depending on the dc voltage that is 
available to run the IC-3. Total current drain 
is very low so it's no problem to tack the 
unit on to the existing dc supply in your re-
ceiver. Although the IC-3 can be used with 
dc power supplies up to 300 vol Is, lower 
voltages are recommended by the manu-
facturer—down to about 3 volts dc. Most 
units will work satisfactorily clown to about 
1.5 Vdc. 

The lower voltages are recommended be-
cause of the heat generated by the large 
dropping resistor that is needed with typical 
receiver power supplies. If you don't have a 

source of low-voltage dc available in your 
receiver, you might consider rectifying the 
6.3 Vac filament supply for the job—all it 
requires is one diode, one resistor and one 
small dual-section electrolytic capacitor; Pax-
itronix gives you a circuit on the data sheet 
that comes with the IC-3. 

Although the Paxitronix IC-3 is only rated 

to 30 MHz by the manufacturer, I could de-
tect 25 kHz markers to nearly 60 MHz, so the 
unit would serve well on six meters. Usable 
markers are available with 3 mA current 
drain, but much stronger markers result with 
5 to 10 mA of current. 

The IC-3 is simple to install. Only one 
mounting screw is required; four wires take 
care of the electronics—input, output, and 
two for the power supply. If you've been 
meaning to build a frequency divider but 
haven't gotten around to it, the IC-3 is a 
natural. S7.25 postpaid from Paxitronix, Inc., 
P. O. Box 1038(D), Boulder, Colorado, 80302 

Jim Fisk, W1DTY 
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ic voltage regulators 

A new integrated-circuit voltage regu-
lator from Motorola features 0.002°/o regu-
lation and output current up to 500 mA 
in a single package. The new regulator, 
the MC1560, is available in full-ternpera-
ture-range tight-specification versions as 
well as a relaxed-spec unit, the MC1460, 
that sells for as little as $5.25. 

One of the big features of the MCI560 
is its very low output impedance—typical-
ly 20 milliohms (0.020 ohm)—and this 
varies only a few milliohms over the out-
put voltage range of 2.5 to 17 volts; 
maximum input voltage is 20 volts. Tem-
perature compensation is provided by a 
resistive divider on the monolithic chip 
that balances the positive temperature co-
efficient of a zener diode against the 
negative temperature coefficient of for-
ward-biased diodes. 

Another feature of the MC1560 is the 
shut-down control. If a control voltage is 
applied to the shut-down terminal, both 
the load and regulator bias current are 
turned off; this can be used for remote 
on-off switching, for squelch control in 
communications equipment or to protect 
the regulator during sustained short cir-
cuits. 

The data sheet for (he MC1560/MC1460 
offers complete information to the de-
signer: it not only lists ratings and elec-
trical characteristics with extensive notes 
on measurements, but also has a full page 
of operating data. The MC1460R is in a 
new 9-pin version of the TO-66 power 
transistor case that will dissipate 10 watts 
at 65°C and regulate a 500-mA load. A 
single external power transistor can in-
crease this to more than 10 amperes. The 
MC1460G, packaged in a 10-pin TO-5 
case, will dissipate 1.8 watts at 25°C and 
regulate a 200-mA load. The MC1460G is 
$5.25 and the MC1460R, $6.75 in small 
quantities. 

The Motorola MC1461 is a voltage regu-
lator IC with all the features of the 
MC1460 but with an increased maximum 
input voltage limit—up to 35 Vdc. Regu-
lated output may be set from 3.5 volts 
to slightly over 30 volts, depending on the 
external components. Packaging and dis-
sipation ratings are the same as the 
MC1460. The MC1461G sells for $6.75 and 
the MCI461R, $8.25 in small quantities. 
For more information on the MC1460 and 
MC1461 voltage-regulator IC's, write to 
Technical Information Center, Motorola 
Semiconductor Products, Inc., P. O. Box 
20924, Phoenix, Arizona 85036. 
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a second look .,|im 
fish 

It seems that more and more stations are 
getting ready for serious moonbounce work. 
And by the end of the summer the number 
will probably double. Stations capable of eme 
work were pretty scarce three or four years 
ago—only the most serious and perservering 
workers ever made the grade. But techniques 
have been improved, and probably more im-
portant, equipment is available so just about 
anyone can hear his own two-meter echos 
from the moon. 

In the days right after World War II, when 
the first radio signals were bounced off the 
moon by Army experimenters at Fort Mon-
mouth, New Jersey, it wasn't nearly so sim-
ple: 8 kW input on 111 MHz, a tremendous 
billboard antenna with 64 phased dipoles and 
an incredibly complex receiver with a 50-Hz 
passband. Even then the moon echos were 
weak, and success unpredictable. (To improve 
reliability, the Army eventually increased 
transmitter power to 100 kW.) 

With this kind of a background, the pros-
pects of amateur communications via the 
moon were pretty remote, but W3KCP and 
W4AO launched Project Moonbeam in the 
late 1940's with a goal of bouncing two-meter 
signals off the lunar surface. All indications 
were that a successful effort would require 
the full amateur power limit, antenna gain 
of at least 20 dB and receiver performance 
that was practically unattainable. But in July, 
1950, came something like an echo, faint and 
indefinite, but it sounded like the real thing 
and it was captured on a wire recorder. Test 
after test followed, with failure after failure, 
but finally, 2V2 years later, and many equip-
ment changes in between, they managed to 
record a whole series of echos off the moon. 

After this initial amateur success, progress 
was slow. Many amateurs tried, but few suc-
ceeded. There was a flurry of activity as ama-

teurs built bigger and bigger two-meter arrays 
and high powered amplifiers—but successes 
were limited and there were no two-way eme 
communications. 

Until practical parametric amplifiers be-
came available, moonbounce activity was 
confined to two meters. Even with a low-
noise front end, moonbounce attempts on 
432 MHz were impractical because of the 
power limitation, so the next logical step was 
1296 MHz. After a lot of sweat and tears, 
W1BU came on the air in early 1960 with a 
1296-MHz station that could bounce signals 
off the moon with some degree of reliability. 
W1FZJ extended the challenge to vhf enthu-
siasts; Hank Brown, W6HB, picked it up, and 
shortly thereafter the first two-way amateur 
contact via the moon's surface w$s history. 

Since then progress has been slow but 
steady. Nearly all the vhf bands up to 1296 
MHz have some sort of moonbounce activity, 
but at the moment two meters is the most 
popular. Nor is activity confined to the United 
States; successful moonbounce stations are 
located in Australia, Finland, France, Greece, 
New Zealand and Sweden. 

Moonbounce is still a very sophisticated 
method of vhf communications, but on two 
meters at least, it is within the grasp of any 
serious worker. Moonbouncers K6MYC and 
W6DNG live on city-sized lots, so space limi-
tations are apparently no problem. K0MQS 
uses all commercial equipment except for the 
antenna, so equipment is not a problem. The 
only other major problem is perservance— 
but nevertheless, more and more stations will 
be showing up on the low end of two with 
their antennas pointed toward the moon. And 
in the not to distant future, working all 50 
states on two meters may even be a reality. 

Jim Fisk, W1DTY 
Editor 
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homebrew 
single-band 

ssb transceiver 
Although solid-state has been with us for a 
long time, there have been very few repro-
ducible solid-state transceiver designs in the 
amateur literature. Most of the homebrew ssb 
transceivers lhat you hear on the bands— 
although they are few and far between—are 
tube types. In fact, the only station I have 
worked using a homebrew solid-state ssb 
transceiver was UF6ACR in the U.S.S.R. 

Evidently solid-state is new enough that 
few amateurs are willing to tackle a project 
as large as a transceiver. The big hangup, of 
course, is the sideband generator; amateurs 
are willing to build microphone preamps, 
electronic keyers and rf power amplifiers, but 
when it comes to balanced modulators and 
crystal filters, they stop. 

When Spectrum International* started ad-
vertising miniature solid-state sideband ex-
citers several months ago, I was really in-
trigued. A quick note brought more detailed 
literature. The ssb exciter, made in West Ger-
many by DJ3CI, includes a three-stage micro-
phone preamp, crystal-controlled oscillators, 
balanced ring modulator and a 9-MHz crystal 
filler. All the hard work is done—here is a 
miniature solid-state source of 9-MHz ssb 
with 55 dB carrier suppression and 45 dB sup-
pression of the unwanted sideband. In ad-
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dition to the selectable sideband capabilities 
of the module, it has provisions for a-m, fm 
and CW. 

I was particularly interested in the KVG 
crystal filter used in the transceiver module. 
This 8-pole crystal filter is very popular in 
Europe. Its excellent passband characteristic 
has a shape factor of 1.66:1 from 6 to 60 dB 
down; minimum stop-band rejection is great-
er than 80 dB. 

duced to a balanced mixer stage along with 
the output from the vfo crystal-oscillator cir-
cuits. For operation on the 3.5 and 14 MHz 
bands, no crystal oscillator or mixer stage is 
required; the output from the 5.0 to 5.5 MHz 
vfo is injected directly into the balanced 
mixer. 

The output of the balanced mixer is am-
plified by several broadband amplifier stages. 
The transistors in these stages are run in class 

SCHFLLINO HS IOOO A-0 

fig. 1. B l o c k diagram of the s ingle-band transceiver. 

design 
To keep things as simple as possible, the 

initial design was for a single-band unit. This 
is in keeping with most mobile and portable 
operation and minimizes the mechanical 
problems of bandswitching. Also, with the 
single-band approach, the same basic design 
philosophy can be applied to the vhf bands 
with very few changes. 

A block diagram of the complete trans-
ceiver is shown in fig. 1. The imported ssb 
exciter module is enclosed in a dotted box. 
The 9-MHz output of the module is intro-

* Spectrum International, Box 87, Toppsfield, Massa-

chusetts 01983 

B for minimum distortion and maximum effi-
ciency. Gain is lower in this configuration, 
but linearity is good, and no external tuning 
is required. If you are willing to put up with 
an external control for peaking up these 
driver stages, you could probably delete one 
of the broadband amplifiers. These transistors 
are inexpensive, though, and for my money 
the operating convenience of minimum tun-
ing is worth the additional stage. 

The vfo uses the basic fet Seiler oscillator 
described previously1 followed by a class-A 
buffer stage and emitter follower. For opera-
tion on 80 or 20, this is all that is necessary. 

The final power amplifier provides about 
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50 waits PEP output. There are several tran-
sistors on the market designed for ssb service 
that will provide this much output, but I felt 
that for the present, a vacuum tube was much 
more feasible. The physical layout of the 
transceiver is such that when the cost of high-

transmitter section 
After you receive the exciter module, you'll 

probably be pretty anxious to get it hooked 
up and working. I know I was. You can put 
it on the air in a matter of minutes if you 
have a 12-volt power supply and a handful of 

t-lgV 

CI 50-pF variable (Mitten 21050MK)* L1 29 turns no. 24 enamelled on a torotd form 

C2 20-pF variable, printed-circuit type (Jackson (Amidon Associates T-50-2) 
Bros. 5440/PC/20) 

fig. 3. The Seller vfo circuit tunes from 5.0 to 5.5 MHz. The 75-pF capacitor consists of a 33-pF, N750 tempera-
ture-compensating capacitor in parallel with a 42-pF silver mica. 

power rf transistors drops within reason, the 
vacuum-tube power-amplifier assembly can 
be replaced with an all solid-state unit. 

The receiver lineup is pretty conventional 
—mosfet rf stage followed by a mixer into 
the 9-MHz crystal filter. Output from the filler 
is amplified in an integrated-circuit i-f am-
plifier and fed to a product detector and the 
audio stages; age voltage is derived from the 
audio section and provides excellent dynamic 
range. 

• Millon parts are available from James Millcn Manu-
facturing Company, Inc.. 150 Exchange Street, Maiden, 
Massachusetts 021-18. Millen 21050MK double-bearing 
capacilor is priced at $2.91; the 39016 flexible coupling 
is S.75. 

Jackson Brothers component are available from 
Arrow Eleclronics, Inc., 97 Chambers Street. New 
York, New York 10007 ; 5440/PC/20 capacilor is $2.50. 

Complete vfo and buffer circuits are 
built on a small board mounted in a 
2x2x4-inch minibox. Millen tuning ca-
pacitor end flexible coupling are on 
the left. 
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vfo 

C3 20-pF (pari of Miller 1460, see fig. 5) 

C4 100-pF variable (Hammarlund HF-100) 

C5 150-pF, 500 Vdc 

C6 730 pF (parallel-connected dual-section 365-
pF trf receiver capacitor) 

C7 1000 pF mica 

L7 30 /iH (65 turns no. 30, scramble wound on a 
V«" slug-tuned form, tapped at 20 turns) 

L8 9.5 j iH (32 turns no. 14 enamelled on a 2" 
toroid form—Amidon Associates T-200-2) 

T1, T2 Primary is 33 turns no. 32 on V«" 

T3 slug-tuned form, tuned with 250 pF; secondary 
is 33 turns no. 32 on a slug-tuned form spaced 
Vi" from primary, 8 turns from ground, tuned 
with 250 pF 

PS1 Parasitic suppressor, 8 turns no. 20 wound on 
body of 100-ohm, 1-watt carbon resistor 

K1 spdt relay, 12 Vdc coil, mounted in power-
amplifier compartment 

fig. 4. Transmitting mixer, drivers and power amplifier. 

clip-leads, but it only takes a little while 
longer to do it right with a microphone gain 
control and a mode switch. If you bought the 
vox module, you can wire this in, too, since it 
only takes a few minutes to make the con-
nections. The vox module is a good buy be-
cause it gives you built-in vox with anti-trip 
along with push-to-talk and a 4pdt relay to 
handle the transceiver switching functions. 

The mode switch in fig. 2 selects the appli-
cable crystal oscillator for upper or lower 
sideband or CW. In the CW and tuneup posi-
tions, carrier insertion is adjusted by the 10 
kilohm control. If you have a receiver that will 
tune to 9 MHz, you should be able to hear 
yourself on 9-MHz single sideband without 
even connecting an antenna to the receiver. 
If you don't have a general-coverage receiver, 

couple your grid dipper to the output—it's 
sufficient to pin the needle when the gdo is 
tuned to 9 MHz. 

vfo 
After you get the exciter module going, the 

next logical step is the 5.0- to 5.5-MHz vari-
able-frequency oscillator. The vfo and buffer 
stages are mounted on a piece of printed cir-
cuit board and mounted in a 2x2x4-inch mini-
box. The heart of this very stable circuit is 
the Seiler oscillator; the output level varies 
less than 0.5 dB when the vfo is tuned 
through its range, and resetability is excellent. 

The buffer stage uses an fet operated in 
class A to minimize loading on the vfo. The 
emitter-follower provides a low-impedance 
output for driving the miniature 50-ohm co-
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axial cable to the balanced mixer; maximum 
output is 2.5 volts p-p. The 75-pF output 
coupling capacitor should be adjusted to give 
1 volt p-p at the input to the balanced mixer. 

Temperature compensation requirements 
are minimal because of the high stability of 
the variable oscillator circuitry. In this circuit, 
stability is primarily a function of the tuned-
circuit components and is only slightly 
affected by the active device. A 33-pF N750 
negative-temperature coefficient capacitor in 
the tank circuit should take care of any tem-
perature-induced drift. 

This 9-MHz ssb generator is the heart of the trans-
ceiver. 

transmitting mixer 
The transmitting mixer uses a low-cost in-

tegrated circuit in a balanced configuration. 
An earlier design used a junction fet with 
injection to the source and gate, but spurious 
outputs and carrier feedthrough were a prob-
lem. When I switched to the balanced circuit 
shown in fig. 4, these problems disappeared. 
With a properly operating balanced mixer 
circuit, little 5-MHz carrier and 9-MHz ssb 
appear across the output so problems with 
intermodulalion distortion from this source 
are eliminated. Also, carrier feedthrough is a 
serious problem with bipolar transistors; be-
fore the balanced mixer circuit was used, the 
5-MHz vfo signal fed through to the final. 

Although an integrated circuit is not abso-
lutely necessary in this spot, the transistors 
should be closely matched for best operation. 
If you have a matched pair of npn transistors 
with suitable frequency response they should 
work as well as the CA3018. I chose the IC 
because it was inexpensive and its transistors 
are practically identical since they are made 
on the same chip of silicon. 

The bandpass coupler on the output of the 
balanced mixer is designed to pass the entire 
amateur band for which it was designed. This 
is most difficult on 80 meters where 500 kHz 
is a big percentage of the center frequency; 
on the higher bands it is somewhat easier to 
achieve. 
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transmitter drivers 
The transistor driver stages are operated in 

class B for maximum linearity and efficiency. 
This is accomplished by slightly forward bias-
ing each driver stage. The bias supply must 
be very "stiff" so that bias remains constant 
with varying input signal; consequently, be 
careful when setting up stage bias. If the for-
ward bias is set too high, the transistors will 
destroy themselves by thermal runaway. How-
ever, this is no problem if you put a milliam-
meter in the collector supply lead when 
setting the no-signal collector current. 

The correct amount of no-signal bias cur-
rent varies slightly from one transistor type 

the collector current will creep upward, slow-
ly at first, and then alarmingly fast, until the 
transistor fries itself. However, if you're aware 
of the problem, you shouldn't lose any tran-
sistors. Furthermore, once the bias is set up it 
should require no further attention. Correct 
no-signal collector current for the 2N3053's is 
approximately 5 mA. 

I used 2N3053's in the driver stages because 
they're inexpensive and I had some on hand. 
They also have frequency response and volt-
age ratings that are appealing. Power gain of 
typical units starts to fall off in circuits oper-
ating above 25 MHz, but by selecting tran-
sistors you can still get enough drive to the 

L3 38 MH (Millar 40A33SCBI with 18 turn secondary) 

L4 30 turn* no. 26 on a 7«" slug-tuned form with 
6 turn secondary 

Trap 5.2 pH (Miller 40A476CBI) 

C3 Three-section variable, 20 pF per section, 
(J. W. Miller 1460, third section used in trans-
mitter driver, see fig. 4) 

L2 36 (Miller 40A335CBI) with 15 turn primary 

fig. 5. Receiver front end and high-frequency mixer. 

to another, but will be in the range from 2 to 
10 mA. If the forward bias is set too high, it 
will be immediately apparent if you have a 
meter in the circuit—with no input signal, 

power amplifier on ten meters. If selecting 
transistors isn't your cup of tea, simply add 
an additional driver stage! 

When setting up the driver stages, never 
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fig. 6. l-f amplifier, product detector and audio power stages. L5 and L6 are 1.6 jxH (Miller 40A156CBI), sec-
ondary winding on L6 is 4 turns. 

turn the power on unless the output tuned 
circuit is loaded down—either by the next 
transistor or a resistive load. When the stage 
is unloaded, the voltage across the high-Q 
tank circuit may be high enough to burn out 
the transistor. This is another advantage of 
the 2N3053: the high maximum-voltage rat-
ing allows some mistakes. 

When the final driver stage is complete, 
you should be able to drive it to about 1 watt 
peak dc input. If you're anxious to put your 
low-powered creation on the air, you can 
haywire a T-network together to match the 
coaxial line to your antenna. With this ar-

rangement on 75 meters one quiet morning, 
I was able to work Maine, Massachusetts and 
New Jersey. 

receiver section 
Although I will discuss the receiver be-

ginning with the mosfet front end, actual 
construction is simplified if you build the 
audio stages first and the rf amplifier last! If 
you build the audio section first, followed by 
the product detector, i-f amplifier, mixer and 
rf stage, you can test each circuit as you go 
along. Then, if you run into a problem, you 
can fix it before moving on to the next stage. 
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The rf amplifier uses a new dual-gate mos-
fet, the Motorola MFE3006. This mosfet fea-
tures good high-frequency (and vhf) perfor-
mance at reasonable cost. Circuit layout is 
very uncritical as long as you keep the out-
put isolated from the input. The feed-back 
capacitancc of the transistor itself is very low, 
so no neutralization is required—if you have 
problems with instability, your layout or con-
struction is not up to par. 

The high-frequency mixer stage uses a 
junction fet. The input signal is applied across 
the gate with local oscillator injection across 
the source resistor; the output circuit is 
tuned to 9 MHz. The stage following the 
mixer is a simple untuned RC-coupled am-
plifier for driving the 9-MHz crystal filter. 
Connection to the filter is made through a 
short length of miniature RC-174/U 50-ohm 
coax. 

i-f amplifier and product detector 
The high-gain 9-MHz i-f amplifier uses an 

integrated circuit—the HEP 590—a common-
emitter, common-base cascode circuit de-
signed for communications equipment. In the 
circuit shown in fig. 6, the input circuit is de-
signed to match the 50-ohm coax line from 
the crystal filter to the input of the IC.3 The 
9-MHz i-f signal is coupled into the product 
detector through a 14-turn link. 

Although the HEP 590 provides a good deal 
of gain in a small package, no problems were 
experienced with instability. Keep in mind 
when wiring this device into the circuit that 
pins 2 and 3 should be connected together 
and grounded; pins 8 and 10 should be by-
passed to ground with good quality low-in-
ductance disc bypasses. The gain-bandwidth 

Schilling vox/anti-trip module. 

fig. 7. Audio-derived age circuit for the single band transceiver. The s-meter is o Micronla 1-mA. instrument 
available for $2.95 from Radio Shack. 
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fig. 8. Vox circuitry for the single-band transceiver uses the Schilling HS1000S vox/anti-trip module. 

product of the basic tC is in the neighbor-
hood of 2 GHz, so it is imperative that you 
use good vhf construction practice when wir-
ing it into a circuit. 

The product detector uses a junct ion fet 
wi th both signal and bfo injection across the 
gate. The opt imum bias point for the transis-
tor is set by the pot in the source lead. Wi th 
the bfo turned off, you should get practically 
no signal through to the audio stages. The 
bfo injection capacitor is adjusted for maxi-
mum gain wi th min imum noise contr ibution. 
If too much bfo injection is used, the prod-
uct detector wi l l be very noisy. Some fet's 
work better than others in this circuit; the 
zero-bias current range for the HEP 802 is 2 
to 20 mA—devices wi th the lower values 
work best. The product detector in the trans-
ceiver shown in the photographs consumes 

500 nA wi th no bfo injection and about 600 
HA wi th the bfo turned on. 

The receiver audio section uses two inte-
grated circuits—a PA230 preamplifier and 
HEP 593 audio power stage. Output power is 
greater than 1 watt with a 12-volt supply. The 
bypass and coupling capacitors in the audio 
section were chosen to l imit the frequency 
response to 300 to 3000 Hz, the range re-
quired for communications work. 

When wir ing the two audio IC's be very 
careful to use short direct leads. The individ-
ual transistors in the HEP 593 audio power 
IC have excellent vhf response, so circuit lay-
out is very important. Instability in this stage 
can be caused by excessive lead inductance or 
stray capacitance; parasitic oscillations may 
even cause rf heating and eventual device 
burnout. The circuit shown in fig. 6 includes 
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all the necessary bypasses. 
The RC bypassing network from pin 9 to 

ground should be placed right next to pin 9. 
This circuit eliminates vhf instability caused 
by the inductance of the speaker leads. The 
power supply line should be bypassed by a 
good quality vhf bypass capacitor directly 
from pin 10 to ground. In addition, leads to 
pins 7,9 and 10 should be as short as possible 
and the input should be isolated from the 
output through good layout and short leads. 

For maximum audio output with a 12-volt 
supply, the HEP 593 should be used with an 
8- or 16-ohm speaker. Although the circuit 
will deliver usable power into a 3.2-ohm 
speaker, it has to work a lot harder to do it, 
and harmonic distortion is much higher. For 
best results, use a small transistor auto-radio 
replacement speaker; these usually have a 
higher voice-coil impedance. 

power supply 
One of the design goals for this transceiver 

was a built-in power supply for both mobile 
and fixed station use. This is provided by the 
circuit shown in fig. 10. The transformer is a 
standard commercial off-the-shelf item manu-
factured by Thordarson. The high-voltage 
secondary is used with a voltage-doubling 
circuit that provides +600 volts for the plate 
and +300 volts for the screen of the 6883 
power amplifier. A negative bias supply is 
provided by a shunt rectifier circuit off the 
secondary winding. 

When the transceiver is operating from 
the 117 Vac line, the regulated power supply 
for the solid-state circuitry is developed 
from a full-wave bridge across the 12-volt 
winding on the transformer. When the power 
supply is connected to the 117-volt line, the 
dc-to-dc converter transistors must be dis-
connected from the power transformer. This 
is accomplished automatically by the two 
different power plugs shown in fig. 10. 

Total current drain is very low in all modes. 
The receiver requires from 60 to 100 mA de-
pending upon the audio level. Current drain 
from a 12 volt battery while transmitting de-
pends on loading. However, when the final 
is loaded up to 100 mA, total input current 
from the 12-volt supply is 6 amperes. 

construction 
All of the transceiver circuits except the 

power amplifier stage and power supply are 
built on pieces of copperclad board. Al-
though printed circuits were not used in the 
transceiver shown in the photographs, they 
would be ideal for this purpose and would 
result in a somewhat more rugged unit. I 
doubt that reliability would be improved 
much since the unit shown here has been 
extremely dependable. 

The transceiver circuitry is built on four 
different boards: transmitter mixer and driver 
stages; receiver front end, mixer and crystal-
filter driver; receiver i-f, audio and age; and 
vfo. The 9-MHz sideband generator and vox 
boards are mounted on top of the 4x7x172-
inch chassis on the right-hand side of the unit. 

New dial face for the j-meter. 

The receiver front end, mixer and crystal 
filter driver board is underneath as are the 
transmitter and mixer stages. 

The vfo board is installed inside the 2x2x4-
inch minibox. One side of this box is bent 
back at a 60° angle to conform with the 
front panel of the "Tilt-a-View" cabinet (Bud 
TV-2155). The sloping front panel requires 
that the vfo tuning capacitor be mounted on 
an angle so the shaft is perpendicular to the 
front panel; the shafts from the final-amplifier 
tuning capacitors use flexible couplers to pro-
vide the necessary displacement. The other 
controls are mounted on the front panel. The 
end result is a miniature, modern-looking 
package that can be carried around in a brief 
case. 
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Although the sloping front panel wastes 
some space, there is still plenty of room to 
spare. Although it's difficult to see in the 
photographs, the area under the chassis is 
almost completely unused. There's plenty of 
room for more circuitry—such as an addition-
al vfo, a noise blanker, sidetone oscillator, 
speech processor or even an electronic keyer! 

If you want to use a more conventional 
cabinet, there are any variety available. How-
ever, all of the modern-looking ones are so 
large you could package this transceiver and 
have room left over for a high-powered linear 
amplifier. This might not be such a bad idea 
for the home station, but for mobile and por-
table operation, the smaller size and weight 
of the package shown in the photos is more 
desirable. 

Internal layout of the transceiver. Tho 9-MHz ssb 
generator, vox board, receiver rf amplifier and trans-
mitter drivers are mounted above and below the 
chassis in the foreground. Vfo box is in front of the 
power transformer. Heat sink for tho power transistors 
is behind the rear panel, l-f amplifier, audio power 
and age stages are built on the board in front of the 
power amplifier compartment. Flexible shafts are 
lengths of speedometer cable epoxied to short pieces 
of V<" tubing. 

The only other construction point of im-
portance concerns the vfo tuning knob. The 
arrangement shown in the photo consists of 
two back-to-back vernier drives*—one on 
each side of the front panel. Each drive has 
a 6:1 reduction ratio. When they are con-
nected in tandem as they are here you have 
a choice of either 6:1 or 36:1 reduction. The 
6:1 (with the larger knob) is ideal for mov-
ing around ihe band; the 36:1 is perfect for 
tuning sideband. 

The tuning dial is mounted on the re-
duction drive that is mounted inside ihe 
cabinet. The escutcheon was cut out from a 
piece of quarter-inch aluminum, filed to 
shape with a hand file and painted black. 

alignment 
Before lining up the transceiver circuits, 

it's a good idea to make sure the 9-MHz 
excited module is properly aligned. This is a 
simple process with the directions furnished 
by Spectrum International and consists pri-
marily of setting the carrier oscillators in 
proper relationship to the filter passband. 

Vfo alignment is essentially a process of 
setting up the trimmers in the tuned circuit 
so the 50-pF variable will tune the oscillator 
over ihe desired range. For 80 and 10 meters, 
a full 500-kHz range is required to cover the 
band; on the other h-f bands, slightly less 
coverage will give you more bandspread— 
practical ranges are 300 kHz for 40, 350 kHz 
for 20 and 450 kHz for 15. If you are not 
interested in CW work, you may want to limit 
vfo coverage to the phone section of the 
band. For 10 meters you might even want to 
increase the vfo range to a full megahertz, 
but ssb tuning will be a little rough with 
this much coverage. 

Regardless of the range you want, the vfo 
alignment procedure is basically the same. 
With the constants shown in fig. 3 the basic 
tuning range is from about 4095 to 5505 kHz. 
With the 50-pF variable fully meshed, set 
the oscillator frequency to approximately 
5500 kHz with the 20-pF trimmer; when the 
variable is fully open, Ihe frequency should 
be approximately 5000 kHz. If you can't get 

• Jackson Brothers type 4511 DAF. S1.50 each from 
Arrow Electronics Inc., 97 Chambers Street, New 
York, New York 10007. 
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the full 500 kHz range, replace the 75-pF 
shunting capacitor with the next smallest 
value. If the tuning range is larger than you 
want, increase the value of the shunt 
capacitor. 

If you change the range within a few 
kHz, the inductance should require no 
adjustment. However, if you want to make 
a big reduction in vfo range, you may find 
it necessary to remove or add several turns 
to the toroid inductor. If you leave 4- or 5-
inch pigtails on the inductor when winding 
it, you'll have plenty to work with when 

one stage at a time, peaking each tuned 
circuit as you go. Be sure to decrease signal 
generator output so you don't overload the 
receiver stages. Finally, hook the 9 MHz 
source to the antenna jack and adjust the 9-
MHz trap for minimum signal feedthrough. 

To line up the rf amplifier, tune the 
signal generator to the low edge of the 
amateur band, fully mesh the variable ca-
pacitor and tune coils L2 and L3 for maximum. 
Move the signal generator up to the top 
edge of the band, unmesh the variable and 
peak up the trimmers on the variable. After 

fig. 9. Crystal calibrator is mounted on the same board as the receiving rf amplifier. 

setting up the frequency range. A little jug-
gling of values may be required to cover the 
precise range you need, but it is not diffi-
cult nor time consuming. Remember that 
the inductor essentially determines the 
center of the frequency range; the shunting 
capacitor determines how much the fre-
quency is changed by the air variable. 

Receiver alignment is next and consists of 
peaking up the i-f amplifier and receiver 
mixer tuned circuits. If you built the unit 
from the audio section back, this is probably 
already done. If it isn't, inject a 9 MHz signal 
to the gate of the product detector through a 
1000-pF capacitor. Tune the signal generator 
around until you get a beat note. Now move 
the 9 MHz source toward the rf amplifier, 

several tries it will be found that neither the 
lower-frequency inductor settings nor the 
upper-frequency capacitor settings will fur-
ther improve the signal. 

Before lining up the transmitter stages, 
remove the final power amplifier tube from 
its socket. A sweep generator is a big help 
in lining up the broadband transmitter 
drivers, but it isn't absolutely necessary. If 
you have a sweep generator, set it to sweep 
from 5.0 to 5.5 MHz; adjust the output to 
approximately 1 volt p-p and connect it to 
the transmitter balanced mixer (vfo in-
jection mixer if you use one). Turn the ex-
citer module to the CW position and insert 
sufficient carrier to provide a respectable 
trace on the scope; now align each of the 
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fig. 10. Power supply for the single-band transceiver operates either 120 Vac or 12 Vdc. Transformer T1 is a 
Thordarson TR 294. The 2N1554 power transistors must be mounted on heat sinks. 

broadband transmitter stages for flat response 
over the amateur band. 

If you can't beg or borrow a sweep genera-
tor, set the vfo about 10 percent in from the 
lower edge of the band and peak each of 
the stage input circuits; then tune the vfo 
in about 10 percent from the top edge of 
the band and peak each of the output cir-
cuits. After going through all the stages sev-
eral times, there should be no further im-
provement in signal at either end of the band. 
As a final check, the output signal (measured 
at the grid pin of the power amplifier tube) 
should vary less than 1 dB when the vfo is 
tuned through its range. 

When all the soiid-state circuits are 

aligned, plug in the power amplifier. After 
it has warmed up, adjust the bias for 25 
mA no-signal plate current. With the exciter 
control in the tune position, adjust carrier 
insertion and drive, then dip the final. If 
everything is in order, you should get about 
50 watts input to the dummy load. 

references 
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external-anode 

tetrodes 

This is a 

handy reference source, 

complete with 

quantitative data, 

on these popular 

rf generators 

The 4X150A external-anode tetrode was 
developed by Eimac back in 1947. This 
highly efficient, vhf-rated transmitting tube 
is the forerunner of a whole family of 
similar tubes that have evolved over the 
years since the war. The tube is now 
manufactured by a host of companies, but 
the original design is still going strong, 
and it's still the choice for a reliable rf 
power source with many vhf enthusiasts. 

During the past few years a bewildering 
number of " 4 X - . . . " tubes have appeared. 
Each has characteristics slightly different 
from the original 4X150A. I'd like to dis-
cuss this family of tubes and identify, once 
and for all, the basic characteristics of 
each type. Amateurs interested in these 
lubes will then have a ready reference for 
future applications. 

the original 4X150A 
Let's take a look at how the nomencla-

ture describes the tube. The numeral 4 sig-
nifies four active elements: cathode, con-
trol grid, screen grid, and anode—a tet-
rode. The X indicates an external anode 
(forced-air cooled), 150 indicates the plate 
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Figure 

Eimac EIA 
Po 

Watts 
Ep 

Volts 
Fmax 
MHz 

Heater 
V/A Base 

of 
Merit Notes 

4X150A Family 

4X150A (old) _ 150 1250 500 6.0/2.6 9-pin 86 old style anode; 
weight: 5.2 ounces 

4X150A 7034 250 2000 500 6.0/2.6 9-pin 86 new style anode; 
weight: 4 ounces 

4X1S0D 7035 250 2000 500 26.5/0.55 9-pin 86 aircraft version of 4X150A 

4X150G 8172 150 1250 1200 2.5/6.25 coaxial 56 uhf and video service 

4X150R 8296 250 2000 500 6.0/2.7 9-pin 73 ruggedized 4X150A/7034 

4X150S 8297 250 2000 500 26.5/0.56 9-pin 73 ruggedized 4X150D/7035 

4X250B Family 

4X250B — 250 2000 500 6.0/2.6 9-pin 85 ceramic shell, 
glass-based 4X150A 

4X2S0F — 250 2000 500 26.5/0.56 9-pin 85 aircraft version of 4X250B 

4CX2S0F 7204 250 2000 500 26.5/0.56 9-pin 85 all ceramic 4X250F 

4CX250B 7203 250 2000 500 6.0/2.6 9-pin 85 all ceramic 4X250B 

4CX250K 8245 250 2000 1200 6.0/2.6 coaxial 54 uhf and video service 

4CX250M 8246 250 2000 1200 26.5/0.56 coaxial 54 aircraft version of 4CX250K 

4CX250R 7580W 250 2000 500 6.0/2.6 9-pin 81 ruggedized 7580 

7580W 7580 250 2000 500 6.0/2.6 9-pin 82 high-perveance 4CX250B 

4W300B 8249 300 2000 500 6.0/2.6 9-pin 85 water-cooled 4X250B 

table 1. External-anode tetrode characteristics. 

dissipation in watts, and A signifies the 
first production version. 

Recent productions of the 4X150A have 
included a radically new brazed anode 
structure having a complex arrangement 
of cooling fins. The new design allows in-
creased plate dissipation ratings. The des-
ignation of this version is 4X150A/7034. It 
is operationally equivalent to the 4CX250B 
at frequencies below 150 MHz. 

how to identify them 
The different versions of the 4X150A are 

not easy to tell apart. Some transitional 
150-watt tubes have the improved cooling 
fins but not the brazed anode structure. 
In general, the old- and new-style 4X150A's 
may be distinguished by weight. The 150-
and 250-watt tubes weigh approximately 

5 and 4 ounces respectively; their respec-
tive anode diameters are 15/16 and 13/16 
inch. Interestingly enough, plate dissipa-
tion has been increased with reduced 
weight and size. 

High-voltage heater versions of the 
4X150A were introduced as the 4X150D 
and 4X150S (ruggedized). These new tubes, 
plus the redesigned descendants of the 
4X150A, bear alternate Electronic Indus-
tries Association (EIA) nomenclature. This 
consists of four-digit numbers in the seven-
and eight-thousand series. Thus the EIA 
7034 is the 4X150A, etc. 

The 4X150C (2.5-volt heater) and its off-
spring, 4CX250K (6-volt heater), have coaxial 
terminations. They are designed for internal 
cavity operation at frequencies into the giga-
hertz region. 
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Eimac 

4CX300A 

Y-180 

4CX300Y 

4CX350A 

4CX350F 

4CX125F 

Po Ep Fmax Healer 
EIA Waits Volte MH* V/A Base 

4X150A Family 

8167 300 2S00 500 6.0/2.7 breech-
block 

— 300 2S00 500 6.0/2.7 breech-
block 

— — 2500 500 6.0/3.4 breech-
block 

8321 350 2000 500 6.0/3.0 9-pin 

8322 350 2000 

125 2000 

500 26.5/0.57 9-pin 

Figure 
of 

Merit Notes 

500 26.5/0.57 9-pin 

52 ceramic-metal ruggedized 

52 nickel-rhodium plated 4CX300A 

53 high-plate current version 
of 4CX300A 

143 high transconductance, high 
current 4CX250B 

143 aircraft version of 4CX350A 

52 aircraft version of 4CX125C 

4CN15A 

4CN15L 

4CS100L 

4CX125C 

4CX125F 

4CX250L 

4CPX250K 

15 2500 

15 2000 

100 2000 

125 2000 

125 2000 

250 2000 

250 5500 

special versions 

500 6.0/3.0 breech-
block 

— 2.1/7.5 9-pin 

— 2.1/7.5 9-pin 

500 6.0/2.7 breech-
block 

500 26.5/0.56 breech-
block 

500 

2.1/7.5 9-pin 

6.0/2.7 coaxial 

52 low-duty pulse work or heat-
sink cooling 

— quick-heat cathode 

85 quick-heat cathode, 
heat-sink cooling 

52 horizontally finned 4CX300A 

52 identical to 4CX125C except 
for filament voltage 

— quick-heat cathode 

85 pulse rated 4CX250K 

the 4X250B family 
The 4X250B features ceramic insulation. 

It evolved from the glass-insulated 4X150A. 

Early versions were made with a ceramic 

outer cylinder and a glass base; later de-

signs are all ceramic and are called 4CX250B. 

These 4X-series tubes are rated at 250 watts 

with a maximum plate voltage of 2000. 

The latest offspring of the 4X150A is the 

popular, rugged 4CX300A. This Ceramic 

and metal tetrode operates at plate volt-

ages up to 2500. Special-purpose versions 

are currently in production. Among these 

is the 4CX300Y, which should be of interest 

to ssb amateurs and others contemplating 

new equipment. The 4CX300Y resembles the 

4CX300A in appearance, but has a heavy-

duty heater {6.0 volts at 3.4 amperes). This 

permits unusually high values of plate 

current. 

external anode tetrodes in grounded 
grid? 

Modern, high-gain external-anode tet-

rodes don't perform well in the conventional 

class-B grounded-grid arrangement for several 

reasons. The external-anode tube is char-

acterized by high perveance, together with 

extremely small spacing between grid bars 

and between grid and cathode. Thus while 

performing excellently as grid-driven tet-

rodes, they are not suitable for grounded-

grid operation as such. 

For proper operation, the screen re-

quires much higher voltage than the con-

trol grid. Older tetrodes having lower gain 

tend to have more equal balance between 

absolute grid and screen currents. When 

these electrodes of the newer, high per-

veance, external-anode tetrodes are tied to-

gether, the control grid tends to draw tre-
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mendous currents, and there is grave risk 
of destroying the grid. Peak grid current, 
for example, in a 4X150A operated in 
grounded grid can easily be twice the 
value of peak plate current. 

It's permissible, however, to operate the 
external-anode tube as a cathode-driven 
tetrode, with the grid and screen at rf 
ground, but operating at the normal dc 
potentials. Grid dissipation under these 
conditions is minimal, and stage gain is 
greatly increased. Screen dissipation is 
nearly the same as in the tetrode connec-
tion. Greater stage gain can be obtained 
with this circuit, because the driver doesn't 
have to supply large screen and grid 

not recommended, because tube tempera-
ture can't be adequately controlled. A re-
ceiving-type loctal socket with 4X150A-style 
tubes is emphatically not recommended. 
Dangerously high stem temperatures will 
occur from the filament heat unless the 
base structure is cooled by an air blast. 
The solid construction of the simple re-
ceiving-type loctal socket blocks the flow 
of air around the tube stem. 

I'd like to emphasize that heater voltage 
on the 6-volt external-anode tetrodes is 6.0 
volts ± 5 percent, not 6.3 volts. What this 
means is that the tube will operate at 6.3 
volts, which is the upper limit of the specifi-
cation (+5 percent), but for longest heater 

fig. 1. Mutual transcon-
ductance vs plate currant 
for several external-anode 
tetrodes. The 4CX3S0A end 
4CX3S0F have about twice 
the transconductance as 
the rest of the line; the 
4CX300Y has approximately 
30"/» higher transconduc-
tance than the "standard" 
tubes while the 7S80 and 
4CX250R/7580W are ap-
proximately 20% higher. 

40,000 

ISO soo 
CURRENT (mA) 

losses. Excess drive power should be ab-

sorbed in a resistive load. 

the tube socket 
In addition to permitting connections to 

the elements, the socket for external-anode 
tubes conducts heat away from the tube 
stem and, in some cases, serves as a ca-
pacitive screen bypass. 

Complete Air-System socket assemblies 
for all noncoaxial-based external-anode 
tubes are available. These consist of 
socket and air chimney (table 1). The 
sockets are designed to permit air to be 
directed axially on the tube base, past the 
base to the envelope, and then over the 
anode cooler. Use of other than the Air-
System socket with external-anode tubes is 

life, the voltage should not exceed 6.0 
volts rms. 

Anyone using these tubes, or any trans-
mitting tube for that matter, should mea-
sure heater voltage at the tube heater 
terminals. The meter should be calibrated 
against a one-percent laboratory instru-
ment, and the measurement should be 
made under full-load, key-down conditions. 

You would do well to take a tip from 
broadcast and TV stations. Some of the large 
tubes in these installations cost around 
$1,000.00 to replace, and no maintenance 
engineer is about to face the embarrass-
ment of having a final amplifier tube go 
west because of high heater voltage. At 
KFMB-TV, for example, the senior trans-
mitter engineer (W6QCN) says that their 

26 j j f l june 1969 



big tubes have a meter in the input to the 
heater voltage source, which is regulated 
to supply the exact voltage at the tube 
heater terminals. 

the figure of merit 
A graphical presentation of the mutual 

conductance for external-anode tubes as a 
function of plate current is given in fig. 1. 
The 4CX350A and 4CX350F have about 
twice the gm of other tubes in this class. 
The 4CX300Y has about 30 percent higher 
gm, and the 7580 and 7580W/4CX250R are 
about 20 percent higher than the 4X150A. 
Mutual conductance (or transconductance, 
as it's sometimes called) is a figure of 
merit of a particular tube. Also known as 
the gain-bandwidth factor, this quantity is 

Figure of merit 
g„ 

27J"Ct 

where C t is the total input and output 
capacitance of the tube. 

The figure of merit is a relative number 
and should not be interpreted as an ab-
solute value. C t is an average, taken from 
a rrumber of typical tubes. Highest figure-of-
merit values are reached by a combination of 
high gm and low interelectrode capacitances. 
The 4CX350A and 4CX350F, which have the 
highest gm and reasonably low interelec-
trode capacity, have the highest figure of 

merit. The coaxial- and breechlock-based 
tubes, with their higher capacitances, ap-
pear to have lower figure-of-merit values. 
However, the coaxial-based tubes perform 
more efficiently at the higher frequencies, 
and they are especially designed for cav-
ity operation. 

ham radio 

o 
"WlO-Ŵ p 

"Good news, dear! 
I've finally found tha instructions 

for that kit you'ra trying to assemble." 

• lighthouse tubes for uhf 
Planar triodes or lighthouse tubes are well 
suited for amateur use in the uhf spec-
trum; various surplus versions, such as the 
2C40, 446B and 2C39 have been used at 
frequencies up to 2400 MHz. A relatively 
new member of the family, the 3CX100A5, 
is available for improved service at uhf. 

The 3CX100A5 is relatively unknown to 
the amateur fraternity, but its older rela-
tive, the 2C39A, has been long a favorite 
uhf tube of the "surplus hounds." The 
2C39A and its twin, the 7289, fit into the 
amateur picture nicely as amplifiers, 

doublers or triplers in the range from 
1000 to 3000 MHz. They are not ex-
pensive, and various glass versions of 
the older 2C39/2C39A/2C39WA can often 
be obtained at give-away prices on the 
surplus market. The 3CX100A5 is an im-
proved, modern version of this old World 
War II tube, dressed up in a brand-new 
ceramic and metal envelope. 

Performance of the 3CX100A5 as a 
grounded-grid uhf power amplifier and 
multiplier is shown in fig. 1, 2 and 3. Be-
cause of the high power gain of the tube, 
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grounded-gr id circuitry is desirable since 
intercouplirig between the input and out-
put circuits is reduced to a minimum and 
neutralization is not required. The graphs 
may be used to estimate the performance 
of the 2C39 glass family of tubes by noting 
that the useful power output of this style 
tube wi l l be somewhat less (depending up-
on the f requency)—up to 25 percent at 
2.5 GHz . 

A variety of 3CX100A5 tubes were run 
in a coaxial cavity capable of tuning 
from 1000 to 3000 M H z , and a series of 
measurements was made w i th a repre-
sentative sample of production tubes op-
erating as amplifiers, doubters and trip-

fig. 1. Gr id drive, grid bias and plate load-
ing were adjusted to provide maximum 
power output whi le maintaining plate cur-
rent at 100 mA. Plate voltage for these 
tests was 1000 volts, and grid bias was 
-30 volts. 

A t 1300 M H z , the 3CX100A5 is capable 
of about 47 watts power output at an ef-
ficiency of 47%. The power gain of the 
tube is 8 decibels, indicating a required 
drive level of about 7.5 watts as mea-
sured at the input to the cathode cavity. 

Power output gradually decreases as the 
frequency of operation is raised. A t 2400 
M H z power output (at 100 watts input) 
drops to 25 watts, and grid driving power 

fig. 1. Typical power 
output, gain and effi-
ciency of 3CX100A5 
and 2C39A grounded-
grid amplifiers. 
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lers. Dr ive and output power were care-
fully measured for each test, and appro-
priate filters were used to eliminate feed-
through and harmonic output. When a 
tube is operated as a doubler or tripler, 
feedth rough power is at the driving fre-
quency and is undesired. In practice it is 
necessary to eliminate this power from the 
output circuit of any grounded-grid fre-
quency mult ipl ier; h igh -Q tuned circuits or 
wave filters w i i l do the job. 

amplifier performance 
A graph of average tube performance 

as a grounded-gr id amplifier is shown in 

increases to 10 watts. Power gain at this 
frequency is 2.5. A power output and ef-
ficiency curve for the 2C39A over the same 
frequency range is shown by the dotted 
line. 

doublers and triplers 
After completing the amplifier tests, the 

same tubes were operated as frequency 
doublers in gain and power output tests. 
Excitation was applied and the operating 
conditions and tank circuits adjusted for 
maximum power output while maintain-
ing 100 mA plate current. Plate supply 
voltage was 1000 volts, so the operating con-
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fig. 2. Typical 
power output, gain 

and efficiency of 
grounded-grid dou-
blers. 
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ditions represent 100 watts input. 
At 1300 MHz, with 650-MHz drive, pow-

er output was 27 watts; this is a circuit 
efficiency of 27 percent. Drive power of 8 
watts was required, a power gain of 5.3 
dB. At 2400 MHz, power output was 13 
watts with 9 watts drive at 1200 MHz. 
Power gain as a doubler drops to unity at 
about 2700 MHz although the 3CX100A5 
is still useful as a doubler at this fre-
quency since 10 watts output can be ob-
tained. This data is plotted by the solid 
lines in fig. 2; 2C39A performance as a 
doubler is plotted by the dotted line. The 

same tubes and general test techniques 
were used to determine the operating 
parameters of the 3CX100A5 as a fre-
quency tripler. Drive power was applied at 
one-third the output frequency and the cir-
cuit was adjusted for maximum power 
output. At 1300 MHz, 17 watts of power 
were obtained with about 10 watts drive 
at 435 MHz. At 2400 MHz, power output 
was about 8 watts with 12 watts drive at 
800 MHz. Power gain as a tripler drops to 
unity just above 2700 MHz but useful pow-
er output is still available, although ef-
ficiency is very poor. 
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table 1. Planar triode tuba*. 

2C39A Glass or ceramic 
construction 

2C39WA Glass or ceramic 
construction 

2C41 Not interchange-
able physically 
with 3CX100A5 
or 7289 

3CX100A5 All ceramic 
construction 

3CX100F5 

381 

6897 

7289 

Identical to 
3CX100A5 except 
heater voltage 
is 26.5 volts 

3CX100A5 type, 
rated for pulse 
service 

Not interchange-
able electrically 
with 3CX100A5 
or 7289 in most 
uhf sockets 

Identical to 
3CX100A5 

Eimac, Mschlett 

Eimac, Machlett 

Machlett 

Eimac, Machlett, GE 

Eimac 

Eimac, Machlett 

GE 

Eimac, Machlett, GE 

A socket for the 3CX100A5 is a rare bird 
since it is an integral part of the resonant 
cavity in most equipment. However, collet 
rings for the tube are available from the 
Instrument Specialties Company or Braun 
Tool and Instrument Company. A complete 
socket assembly can be purchased from 
Jettron Products* 

conclusion 
The planar triode tubes of the 3CX100A5 

family perform well in the frequency range 
encompassing the 1215-MHz and 2400-
MHz amateur bands. Efficiency is good, 
considering the frequency of operation. F. 
E. Terman indicates1 that a doubler will 
provide about 65 percent of the power out-
put of a straight-through amplifier, and a 
frequency tripler will provide about 40 per-
cent of the power output of the amplifier. 
These figures agree closely with the data 
shown here. Two recent articles2-3 show 
that these tubes can put quite a dent in 
the 1215-MHz band. 

references 
1. F. E. Terman, " R a d i o Engineer ing, " McGraw-H i l l , 

New York, 1962. 

2. P. Laakmann, W B 6 I O M , "Cav i ty Amplif ier for 1296 

M c " Q5T, January, 1968, p. 17. 

3. P. Laakmann, W B G I O M , "K i lowatt Ampl i f ier for 

1296 M H z , " ham radio, August, 1968, p. 8. 

* Instrument Specialties Company, Little Falls, N e w 

Jersey; plate collet, 97-70; grid collet, 97-72; cathode 

collet, 97-76; and filament collet, 97-80. 

Braun Tool and Instrument Company, 140 5th Avenue, 

Hawthorne, N e w Jersey; plate collet, 134-53; grid col-

let, 134-51; cathode collet, 165, 

Jettron Products, Inc., 56 Route 10, Hanover, N e w 

Jersey, can supply complete sockets. 

Bob Sutherland, W6UOV 

• water cooling the 2C39 

There is a gradual movement of amateur 
radio to higher and higher frequencies 
where there is more spectrum and room 
for interesting experimentation. Probably 
the most popular tube for amateur opera-
tion on 1296 and 2300 MHz is the erst-
while 2C39 or a modern member of the 
same family. Originally air cooled and 
rated at 100 watts plates dissipation, by 
using water cooling these tubes can safe-
ly dissipate 150 to 200 watts without no-

ticeably shortening tube life. If you want 
to build efficient high-power and quiet 
amplifiers and multipliers for these bands 
with 2C39-type tubes, water cooling is the 
answer. 

water jacket 
First of all, slightly loosen the two Allen 

screws that hold the finned heat sink in 
place and pull it away from the tube 
body. Even with the screws loosened, pull-
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ing ihe heat sink off may be difficult be-
cause the heat sink is aluminum and the 
tube anode is silver-plated copper. I 've 
found that cooling the whole works in a 
freezer sometimes helps; somelimes lubri-
cating with acetone will help. Not all 
2C39 manufacturers use Allen screws to 
hold the heat sink in place; the heat sinks 
screw onto the anode of some tubes, but 
this type can be removed as well. 

Watercooled 2C39's. Side-inlet ver-
sions ore used in a UPX-4; top-inlet 
types are used in a WB610M two-
tube 1296-MHz amplifier. 

The waler jacket is made from a 1-
inch length of 1-inch diameter (ID) copper 
or brass tubing. Punch out a 1-1/8-inch disc 
from 1/16-inch copper or brass sheet with 
a punch. Next, drill two 'A-inch holes for 
the water inlet and outlet tubes 7/16 inch 
apart. These can be located in one side 
of the water jacket or on top, depending 
upon the application. Cut two 'A-inch O D 
copper or brass tubes about 3/4-inch long; 
these tubes should have an inside dia-
meter of 3/16 or more. 

Fit the tubes into the '/4-inch holes in 
the jacket so that their ends are flush with 
the inside surface of the jacket; silver 
solder the four pieces together—jacket, 
disc and two tubes. After cleaning the 
completed water jacket to a shiny finish, 
soft solder it to the 2C39 anode with a 

small torch. Be sure to keep the flame 
entirely on the water jacket to prevent 
damage to the 2C39. 

coolant system 
Cooling water is run into the 2C39's 

with 3/16-inch inside-diameter vinyl or 
tygon tubing. If you use more than two 
tubes in the system, it's a good idea to 
use intake and exhaust manifolds for 
splitting and recombining the water. The 
manifolds are made from 8-inch pieces of 
1-1/8-inch O D copper or brass tubing. 

Quarter-inch holes—spaced 1 inch apart 
—are drilled along the sides of the tub-
ing; small brass tubes, 'A-inch O D and 
about 3/4-inch long are pushed into these 
holes. One end of the manifold tube is 
capped with a 1/16-inch thick brass disc 
and the other end is fitted with standard 
garden-hose fittings. Then all the pieces 
are silver soldered together. 

Half-inch hose is used for the main lines 
to and from the pump. The pump is a 
"Little Giant" submersible pump that is 
designed for small backyard waterfalls; 
this inexpensive little pump doesn't make 
any noise while it's pumping. Be sure 
to ground the manifolds because the 
cooling water has full plate voltage on 
it when the amplifier is turned on. (Dis-
tilled water is supposed to be a good 
insulator, but don't bet your life on it.) 
A 3- to 5-gallon plastic bucket can be 
used to hold the pump and water for the 
complete system. 

At K6HCP's successful moonbounce sta-
tion, the 2C39's in the 300- to 600-MHz 
doubler, 600- to 1296- MHz double-mixer, 
two-tube 1296-MHz driver* and six 3CX-
100A5's in the UPX-4 ring amplifier are all 
water cooled. After many hours of echo 
tests and moonbounce schedules, not a 
single tube has been replaced or even sus-
pected of having low output. Best of all, 
for weak signal detection with a full kilo-
watt input, nothing but the purple glow of 
stressed 3CX100A5 ceramic disturbs the si-
lence of the shack. 

• Peter laakmann, WB6IOW, "Cavity Amplifier for 
12% Mc, " QST, lanuary, 1%8. p. 17. 

Mike Staal, K6MYC 
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Among my interests in amateur radio is 
fm technology. About a year ago I out-
lined a project for myself to design and 
build a functional receiver with certain 
features needed to pursue my particular 
interests. I wasn't interested in a deluxe, 
high-performance commercial design, nor 
was I interested in a lot of embroidery. I 
wanted an inexpensive receiver for con-
tinuous mobile or base-station monitor-
ing. The features of this fm receiver were 
to include: 

1. Noise-operated squelch 
2. Carrier relay 
3. S-meter option 
4. Minimum power consumption 

I also wanted to use off-the-shelf com-
ponents to minimize construction difficul-
ties and to keep the cost within reason-
able bounds. 

The receiver described in this article ful-
fills all these requirements. It is, of course, 
a compromise between good engineering 
practice, state of the art and practical 
home construction. Some of its features 
are readily adaptable to your equipment, 
and for this reason I've included discus-
sion material at each level. This isn't 
necessarily a construction article, but 
rather a report on the outcome of the 
project. 

rf deck front end 
The front end (fig. 1) was obtained 

from Plectron. It was available in both 
low band (30-54 MHz) and high band 
(144-174 MHz) models; the costs were 
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$10.00 and $13.00 respectively, less crys-
tals. The crystals will depend upon your 
particular requirements and location. An-
other approach would be to use any of 
the many available solid-state converters. 
A particularly good example are those 
produced by Vanguard; they will "custom 
tailor" a converter (rf deck in our case) 
for $2.00 over the cost of the basic con-
verter. This price includes the crystal. Ad-

fected by the mark (2125 Hz) and space 

(2975 Hz) tones used with audio frequency 

shift keying (afsk) radio teletype. Finally, be-

cause of its characteristics, mixed wide- and 

narrow-band transmissions cause no problem. 

carrier relay 
The optional carrier relay (fig. 2) has 

been used to actuate a tape recorder for 

fig. 1. The Plectron low-band rf deck. 

ditionally, units with dualgate mosfets are 
available, which are excellent. Should you 
elect this route, be sure to specify the de-
sired input (monitoring) frequency and 
10.7 MHz output. It seems logical that 
some cost reduction might be realized if 
the deck is ordered less case and plugs. 

squelch 
The noise-activated squelch (fig. 3) is 

simple but effective. The squelch transistor 
is a high-gain type similar to the Mo -
torola HEP 54. Because of some poor ex-
periences with noise squelch circuits in the 
past, I made several tests to ensure ac-
ceptable performance. Specifically, this 
circuit does not squelch off in the pres-
ence of high modulating frequencies such 
as are found in some selective-calling and 
remote-signalling systems. Neither is it af-

fig. 2. Optional s-meter and 
carrier relay circuit. 
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logging and recording. It's also very handy 
for operating a carrier indicator lamp. 
The usefulness of such a lamp becomes 
apparent if more than one receiver is 
operating in the same room. Any 12-Vdc 
relay can be used, provided it will pull 
in at 30-40 mA and drop out at 10-15 
mA. The one used here is a Potter & 
Brumfield KM11D, which is a dpdt type 
approximately one cubic inch in volume. 

rf and i-f sections. 
This modification would resolve the 

problem but add considerably to the cost 
and complexity, which would move be-
yond the limitations noted earlier. I've 
shown how to add an s-meter to the unit 
(fig. 2); however, in this type of service 
it was found to be more window dressing 
than necessity. Any other compatible i-f 
strip could be substituted. 

fig. 3, The Heath 10.7-MHz i-f strip (dashed box), squelch and IC audio amplifier. 

i-f strip 
The i-f strip is shown in the dashed box 

of fig, 3. It was one I found in the Heath 
AJ-43D receiver.1 It was available from 
Heath complete and ready to operate for 
about $17.00. This choice results in an i-f 
of 10.7 MHz. Benefits include availability, 
commercial development, compact con-
struction, low cost and relative freedom 
from drift. Disadvantages are relative low 
audio recovery and susceptibility to adja-
cent-channel interference. The first is over-
come by additional gain in the audio 
stages. The second, where it might be a 
problem, can be reduced by addition of a 
ceramic filter and additional amplifica-
tion by using an RCA CA3028 between the 

audio power amplifier 
The audio output section {fig. 3) uses 

the RCA CA3020 integrated circuit. This is 
a high gain, self-contained audio ampli-
fier capable of 500 mW output, which is 
quite adequate for indoor use. For mobile 
service, a better choice would be the 
CA3020A, which is rated at one-watt out-
put. This should provide sufficient power 
to overcome most wind and traffic noise. 
The audio system frequency response has 
been limited to 300 to 3000 Hz to facili-
tate communications and reduce operator 
fatigue due to hiss and noise. A further ex-
tension of this would be to use a Jensen type 
PC4V3 four-inch speaker. The response of 
this speaker is similarly restricted. 
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power supplies 
The power supply is completely open to 

choice. Four are shown in fig. 4. A nine-
volt battery wil l work nicely; as wil l an 
ac supply consisting of a 6.4-Vac filament 
transformer and diode bridge. For mobile 
service a zener regulator or zener-transis-
tor regulator would be in order to help 
tame the shifty voltages. Further, a small 
blocking diode is a cheap form of in-

charged while on ac power by means of 
a resistor and diode combination. 

The next generation wil l probably have 
IC's in the rf and i-f sections. This hasn't 
been done as yet, because it's difficult to 
find commercially available i-f and detec-
tor transformers that match the available 
IC's. I'm interested in using ceramic i-f and 
discriminator units, such as are available 
from Murata and Clevite. However, so far 
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surance against accidentally reversed bat-
tery polarities. The ultimate would be to 
include a rechargeable battery inside the 
case, with a regulated ac supply. Then 
you could unplug from the base ac 
mains, move to the car, change antennas, 
plug into the cigar lighter, start up and 
drive away—all without missing a word. 

The problem of both ac and dc opera-
tion can be greatly simplified by using 
two power cords terminated with 4-pin 
Jones female plugs. This eliminates the 
need for changeover switching. One cord 
is made using pins 3 and 4 for 110 Vac. 
The other cord would be for mobile use, 
connecting pin 1 to +12 Vdc and pin 2 
to vehicle ground. Don't forget the block-
ing diode. The battery can be kept 

everything in this whole area seems to be 
either wrong impedance, too wide- or 
too narrow-band, too expensive or gen-
erally not available. 

Another nice item would be an IC suit-
able for an untuned crystal oscillator 
(10.245 MHz) and mixer unit for dual 
conversion. Also, a linear IC with an fet 

materials and suppliers 
1. Heath Company, Benton Harbor, Michigan 49022. 
Order: 10.7 MHz solid-state i-f strip P/O Heath 
Model AJ-43 or AJ-43D Part number 100-M521 
2. Plectrori Corporation, Overton, Nebraska 68863. 
Order: high-band rf board number 3185 ($12.00 ea.) 
low-band rf board number 3283 ($9.00 ea.); crystals 
for Plectron Boards HC-25, holders non-oven type, 
0.005% third-overtone, 32 pF load ($8.00 ea.) 
3. Vanguard Electronics Labs, 16-23 Jamaica Avenue, 
Hollis, New York 11423 

june 1969 35 



GANGED WITH VOL. CONT. S4MOCO WITH VOL. COWT. 
100 
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mixer section for the first converter/first 
i-f amplifier would be desirable. National 
Semiconductor has just released a com-
plete squelch and age unit, which would 
shrink the audio sections still further. Then 
there are LSI (Large Scale Integration) 

techniques, which could mean practically 
the whole receiver pasted on the back of 
the speaker; next year's receiver should 
be a lot smaller, a better performer and 
quite a bit cheaper and easier to build. 

ham radio 

• crystal control for the HW-100 
Crystal control is an option not offered by 
most transceiver manufacturers. Granted, 
most vfo's are stable and accurate enough 
not to require the steadiness of a rock, but 
there are times when crystal control is a 
definite advantage. Mobile operation is en-
joyed by a lot of amateurs, and here a stable, 

known frequency is most welcome. Many of 
my friends operate on a single frequency 
most of the time; there's someone monitor-
ing the frequency nearly 24 hours a day, and 
this can be reassuring to a lone mobileer. 
Crystal control is also useful for net opera-
tion. 
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The crystal oscillator shown in fig. 1 
provides more drive than necessary and 
must be padded down with the 45-pF 
trimmer. The circuit is very inexpensive to 
build—less than the cost of the crystal it-
self. A positive supply voltage is picked off 
the zener diode that biases the vfo am-
plifier tube. With the switching circuit 
shown, it is possible to select: vfo-con-
trolled transmit and receiver; crystal-con-
trolled transmit and vfo receiver; or, crys-
tal-controlled transmit and receive. 

When ordering the crystal for this cir-
cuit, specify that it will be used with a 
32-pF load. The vfo tunes from 5.5 to 5.0 
MHz (low to high end of the band). There-
fore, to operate crystal controlled on 3999 
kHz for example, you need a crystal cut 
for 5001 kHz. The 12-pF trimmer is used to 

put the crystal exactly on frequency. If you 
plan to operate near a band edge, it 
would probably be a good idea to spend 
the extra money for a commercial-grade 
crystal. 

The crystal oscillator is built up on a 
terminal-strip board and bolted to the 
back of the vfo chassis as shown in the 
photo. An insulating strip is placed under 

fig. 1. Crystal control for the Heathkit HW-100. In 
switch position 1, the vfo controls both transmit and 
receive; in position 2, crystal control on transmit, vfo 
control on receive; position 3, crystal control on both 
transmit and receive. 

Front panel of the modified HW-100 show-
ing the crystal/vfo control switch. 

the board to keep it insulated from the 
chassis. Drill a hole beside the 6AU6 to 
accommodate an insulated feedthrough 
bushing: the 45-pF trimmer is mounted be-
tween the circuit board and the feed-
through insulator. Additional holes are 
drilled through the top of the vfo chassis 
to accommodate the wires needed to oper-
ate the crystal circuit and incremental 
tuning unit. 

The 47-ohm resistor is disconnected from 
terminal strip FF (pictorial 7-2 in ihe HW-
100 manual). A wire is soldered to this 
resistor and passed through the top of the 
chassis to terminal 2 of the rotary 
vfo/crystal switch: a wire soldered to 
terminal 1 of terminal strip FF is con-
nected to the common terminal of the 
vfo/crystal switch: a wire coming from 
terminal 3 of the switch is connected to 
the B + tie point of the crystal oscillator. 
Three more wires are connected to Ihe 
switch as shown in Ihe schematic and con-
nected to terminals on relay RL'I. 

Bill McCracken, K1GUU 
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While reading amateur radio publications 

I've noticed a very few simple, easy-to-follow 

construction articles on RTTY. To help fill 

the void I 'd like to present some circuits 

that have added a great deal to the operating 

convenience of my station. Solid-state de-

vices are used exclusively except for power 

supply transformers. For those who would 

like to learn more about RTTY theory and 

design, some references are included at the 

end of the article.1- 2 ' 3 

basic equipment 
The most expensive item in an RTTY sta-

tion (excluding transmitter, receiver and an-

tenna) is the teleprinter. As with most 

equipment, these machines can be obtained 

by judicious horse trading. I've seen some 

advertised for as little as thirty dollars. Re-

built ones cost up lo 5150 if you want to go 

first class. 

If you have a teleprinter, all you need to 

receive RTTY is a terminal unit (TU). The 

TU accepts tones representing code charac-

ters from the receiver, discriminates be-

tween the tones, and changes them into 
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posit ive- and negat ive-go ing pulses. These 

are sent through limiter and flip-flop stages 

and finally to a keyer stage. The keyer oper -

ates a relay in the teleprinter. 

To transmit you ' l l need a frequency-shift 

keyer (fsk). This is a s imple capacitance-

tuned L C circuit that shifts the transmitter 

vfo output (usually 850 Hz) to form the code 

characters. The remain ing equ ipment c o n -

sists of two s imple power suppl ies. A d d e d 

refinements inc lude an osc i l lo scope to m o n -

itor key ing wave fo rm and an aud io fre-

quency shift keyer (afsk). 

The T U printed circuit boa rd is available 

at nomina l cost.* It is a heavy-duty fiberglass 

board, and informat ion o n parts layout is 

included. ( M i n e came equ i pped with all edge 

connectors and transistor sockets.) Y o u can 

get the complete unit with all component s , 

w i red a n d ready to play, for about sixty do l -

lars. Hither package c o m e s with complete 

a n d extensive technical data. 

The T U is the basis of the entire system 

(fig. 1). I mod i f ied the original C a s h i on cir-

cuit to a c commoda te s o m e swi tch ing circuits 

for a d d e d operat ing conven ience, and I 

a d d e d the p o w e r suppl ies and fsk board. A 

schemat ic is also i nc luded for an afsk boa rd 

(fig. 5) for those w h o might be interested. 

power supplies 
These are d i a g r ammed in f ig . 2 Jacks J3, 

J4 and J5 must be insulated from the T U 

panel. A transmit/receive switch (S5A) gives 

Front panel of the solid-state TU. 

control of the transmitter f rom the RTTY 

posit ion. (See also fig. 3 w h i c h s h o w s con -

nect ions between T U board and transmit-

ter.) Switch S5B, w h i c h is one-hal f of S5, 

d i sconnects the T U key ing circuits du r i ng 

transmiss ion but lets y o u mon i to r the tones 

wi th an osc i l loscope, (see also fig. 1.) 

the TU board 
M o s t RTTY terminal units have prov i s ions 

for normal/reverse copy. Occas iona l l y you ' l l 

find a station us ing reverse transmiss ion, or 

y o u just might have tuned h i m in o n the 

w r o n g s ideband. Switch S2 (fig. 1) will give 

The fsk with accessory cables and 
a dummy plug for the TO. 

the correct copy. A l s o I a d d e d a narrow/ 

w ide contro l ; this a l lows y ou to choo se be-

tween 850- or 170-HE shifts, w h i c h are mos t 

c o m m o n l y used. 

M y T U has a three-circuit m i c r o p h o n e 

jack o n the front panel. This is used to 

mon i to r s ignals w i th an osc i l loscope, either 

du r i ng transmit or receive. S ignals vary in 

ampl i tude, of course, and the S-meter is 

handy ; but a s cope is m u c h better, especially 

du r ing net procedures. 

In the T U panel pho to the switches are, 

f rom left to right, transmit/receive switch 

S5 ; normal/reverse switch S2; narrow/wide 

* Cashion Electronics, P. O. Box 7307. Phoenix, Ari-
zona 85011. Or dor a "two-tone limiterless TU no. 6 . " 

IVice is about S>10. A phenolic board, without holes or 

plating is available (or $5. 
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fig. 1. Schematic of the tuning-unit board. This is the basic unit; the text explains how accessories were added. 

switch S4; and ac switch S3. Next to these 
are the fuse hotder for F1 and oscilloscope 
jack J1. At the top are the 0-100 mA dc loop 
meter, receive/standby switch SI , and the 
tuning meter. 

For transistors Q1-Q8 ! used 2N697's, but 
other more inexpensive ones are now avail-
able. I used an RCA 2N3440 for Q9; again, 
these aren't absolutely the final word. 
Other types will work equally well. Be sure 
to use a heat sink with Q9. 

the fsk unit 
This circuit is shown in fig. 4. Parts are 

mounted on a PC board measuring about 

two by three inches. Fig. 3 shows how the 
fsk output is brought into the TU board. 
The fsk is connected to the vfo in the trans-
mitter by a single loop of wire wrapped 
around the vfo-tube cathode. 

construction notes 
The photos show the general layout of 

parts and the interconnecting cabling. Rec-
ognized techniques and precautions should 
be used when assembling these solid-state 
components. I shall emphasize again that 
transistor Q9 on the TU board must be in-
stalled with a heat sink. 

Table 2 gives the connections to the TU 
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OUTPUT 

10V DC 

table 1. Parts list for the power supplies, fsk, 
switching circuits and accessories. (Note: Does not 
cover the TU board. See fig. 1.) 

Jacks 

J1 &. J6, 3-circuit microphone jacks 
J2, J3, J4, J5, J7 single-circuit phone jacks 

Switches 

51 dpdt mark/spaca—standby 
52 
53 
54 
55 

tu 

terminals 

1 

2 

3 

4,5,6 

6 
spdt normal/reverse 
spst ac switch 
dpdt narrow/wide shift 
dpdt transmit-receive 

Meters 

1 ea 0-100 dc mA Lafayette Miniature 
1 ea 0-1 dc mA or VU Lafayette Miniature 

Cabinet 

1 ea 5 x 7 x 9 inches Cal Chassis Company LTC 463 

Transformers 
1 ea Triad R-30 or equivalent 
1 ea 120 V primary, 15- to 24-V secondary, 

100 mA, Triad F-45X or equivalent 

Fuses 

F1 1A, 150 V 

functions 

-f-10 Vdc from regulated power supply 

plus terminal of 0-1 dc mA VU tuning meter 

minus terminal of 0-1 dc mA tuning meter 

normal-reverse switch S2 

To switch S5B mark space tones input to 
board 

connect to RY-KBD-TD insulated jacks via 
loop supply 

common ground 

minus 20 Vdc from regulated power supply 

vertical scope input, 
switch S4B or tuning bulb 
wide/narrow tuned circuit 

horizontal scope input or tuning bulb 

nc 

nc 

nc 

from receiver output, 4-ohm input (J2) 

switch S4A. wide/narrow 
shift tapped coils 
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fig. 2. The loop supply (A) ties into the TU board at terminal 8. The low-voltage supply is connected to termi-
nals 1 and 10. See fig, 1. 

board. These jacks are shown in fig. 1. The 
power transformers and TU printed circuit 
board are mounted above chassis; all other 
parts are mounted below chassis. The front 
panel of my TU is secured by the switches, 
fuse holder and jacks. I used a Triad R-30 
transformer for the 120-volt supply and a 

Triad F-45X for the low-voltage supply, al-
though any equivalents will work satisfac-
torily. 

After everything is assembled, check all 
connections and wiring, then you're ready 
to insert the plugs. Turn on the power and 
check the 100-mA meter. It should indicate 

fig. 3. Fsk connections 
between the terminal 
unit and transmitter. 

j-TIP I 
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SLEEVE (SI 

11 | j 
70 FSK BOARD 
TRANSMITTER VFO 

CW JACK ON 
TRANSMITTER 
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between 55 and 70 mA. If not, something is 

wrong, and you should recheck the circuits. 

If the meter reads okay, turn on the audio, 

and then watch the loop meter and tuning 

meler. If signals are tuned in properly, the 

teleprinter will print out correctly. If it 

doesn't, check the beat frequency oscillator 

sideband in use, or the normal/reverse 

switch. 

If you don 't have the proper test equip-

ment to tune the fsk unit, load the trans-

mitter on a dummy load and vary the 12-pF 

capacitor. Try to match the received mark 

and space signals on your oscilloscope. 

W h e n the tones are nearly correct, put your 

transmitter on the air and call a station. Your 

mark/space signals might not be just right, 

but he'll receive something. Then the real 

spirit of amateur radio will prevail! 

fig. 4. Tho fsk circuit; this 
provides 850-Hi deviation for 
RTTY characters. 

SmH SF CHOKE 
TO 3-CIHCUIT JACK 

O J6 ON REAJt OF 
TERMINAL UNIT 

o common onoumi 

m 

The Cashlon TU-6 board as assembled by the author. 

some parting thoughts 
I am quite pleased with the circuits de-

scribed. If you try them and have any real 

problems, send your questions and a self-

addressed, stamped envelope. I'll do my best 

to help you. The most important watchword 

when working with these units is: gel the 

polarity right the first time. 

references 

1. Byron H. Kretzman, W2JTP, "The Now RTTY Hand-
book," 1961, Cowan Publishing Corporation, New 
York. 
2. Durwood J. Tucker, W5VU, "RTTY from A to Z , " 
CQ, August, 1964, through July, 1966. 
3. Irvin M . Moll, K8DKC, series of RTTY articles in 
QST during 1965; January, p. 14; February, p. 29; 
March, p. 2-1; April, p. 44; May, p. 16; June, p. 32; 
August, p. 27; October, p. 21. 
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fig. 5. The afsk unit. Directly replaces the fsk if you wish. Remove the cable from the fsk and plug into the 
afsk. Output plug of the afsk (PL-68) plugs into an a-m or fm transmitter. 
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grounding 
and 

wiring 

When you are trying to make a circuit that 

you've built from a schematic work properly 

one of the problems that may plague you 

is the grounding bug. This has probably 

caused more instant insanity than any 

other problem facing the electronics experi-

menter. As with any worthwhi le project, 

there's a right way and a wrong way to d o 

things. I'd like to pass along the results of 

some of my experiences with ground con-

nections and wiring. If you're interested in 

exterminating the grounding bug on your 

next construction project, read on. It may 

save you much time and trouble getting 

the circuit to play. 

grounding and wiring principles 
Successful grounding in any electronic 

circuit depends on how dc voltage and cur-

rent are controlled by wir ing placement. 

Voltage can do strange things to your cir-

cuit. Reason: voltage is a workhorse 

which, if not treated with respect in circuit 

wiring, can be most unforgiving. Depend-

ing on the circuit, the negative pole of 

voltage may be grounded at a c o m m o n 

point on the chassis. O r it may be left 

floating, as in. a transformerless circuit 

that works directly from the ac input 

source. 

Current, in contrast to voltage, doesn't 

terminate at some point on the chassis, but 

makes a complete pass around the circuit. 

Anything that interferes with the current 

loop (stray capacity and inductance) re-

duces circuit efficiency and produces an in-

stability problem. 

In the fol lowing discussion I shall ex-

plode some myths about grounding that 

have hung around since the early days of 

radio. If you consider what I have to say, 

you should have a better understanding of 

how voltage and current behave in elec-

tronic circuits. Then you can construct your 

equipment with these thoughts in mind and 

be reasonably sure that luck, at least, 

won't be one of the independent variables 

that influences hardware performance. 

about voltage 
Digressing for a moment, voltage is 

electrical pressure between two points. It's 

measured by the indication on a meter 

connected between the two points. C o m -

monly, one of these points wil l be at 

ground potential. O n e definition of ground 

is "a circuit point that may be earthed 

without upsetting the circuit." This defini-

tion was val id for circuits years ago, but 

for today's modern circuits it is an over-

simplification. 

The circuit designer has a choice as to 

whether a ground wi l l be included, and if 

so, which part of the circuit wi l l be at com-

mon ground potential. Usually a large 

N piece of metal, such as a chassis, is chosen 

j as the place where you attach one lead 

v of your meter to measure dc voltages 

•g (fig. 1). The circuit is usually designed so 

P that signals look good when viewed from 

• I this reference point. 
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The manner in which voltages are con-
trolled in circuits can mean the difference 
between success and failure when you 
first turn on that new piece of equipment. 
The schematic is an idealized road map. 
It does not show the many extraneous re-
sistances, capacitances and inductances 
found in the hardware. If all these ele-
ments were included in the schematic it 
would be quite messy, indeed. Cood wir-
ing practice and lead dress will minimize 
these problems, which are the grounding 
bugs I mentioned earlier. 

into the input circuit. Then you have feed-
back, and an unstable system. 

about circuits 
Modern electronic circuits seem to be 

harder to work with than those of a few 
years ago. Active devices have more gain, 
which means more sensitivity to unwanted 
feedback. The higher gain is often accom-
panied by response to much higher fre-
quencies. This means smaller unwanted 
coupling inductances and capacitances can 
return enough signal from output to input 

fig. 1. When you think of a 
circuit ground, you usually 
think of something like this. 
Everything in the circuit refers 
to the one solid piece of 
metal, and test meters are at-
tached to this reference point. 

about current 
Current can be thought of as a kind of 

fluid, but flowing in a solid medium rather 
than in a pipe. If you want to measure 
current, you insert a measuring device in-
to the stream, or you may insert a re-
sistor into the stream and measure the 
voltage developed across it. 

The water pipe analogy for current flow 
is misleading, at least when you're trying 
to understand what happens to current 
flow in an electronic circuit. Eventually 
water in a pipe runs down a drain some-
where. But current makes a complete pass 
around an electronic circuit, as in fig. 2. 
There's no common point where current 
can be disposed of, as with voltage, Cur-
rent pops up again somewhere else, and 
when you're building a circuit you must 
know where. 

A current gone astray can cause un-
wanted feedback. Apparent grounding of an 
audio amplifier, for example, can fool you. 
If you choose just any handy tie point, 
some of the output current can find its way 

to produce instability. Have you noticed con-
struction projects lately containing RC cir-
cuits or ferrite beads in their input circuits? 
These are added, as in fig. 3, to control high-
frequency response. Older circuits didn't 
need these provisions. 

i I 
m 

fig. 2. Input and output currents follow loop paths 
in this single i-f amplifier stage. Interfering with the 
current loops reduces efficiency and increases hazard 
of unwanted feedback. 
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A schematic contains two circuits: the 
dc supply circuit and the ac signal cir-
cuit. This fact is obscured in the schematic, 
because many components perform two 
jobs. The collector resistor in a transistor 
audio amplifier, for example, functions as 
a signal load resistor as well as a device 
to decrease the supply voltage to a lower 
value as seen at the collector. Let's trace 
these circuits and see what happens (fig. 4). 

From the power supply positive terminal, 
the dc bias current flows along the supply 
line. Then it reaches a point where it can 

fig. 4. Signal and dc 
biasing paths share ele-
ments in this simple 
audio amplifier circuit. 

Now let's look at the signal circuit. We 
trace the current loop the input signal fol-
lows. The signal flows to the base, down 
to emitter and ground, and back to the 
input. The collector signal flows to the 
emitter, to the emitter bypass capacitor, 
then to ground, and finally back to the 
collector. 

Here's an important point, sometimes 
easily missed: not all of the signal follows 
this route. No matter what resistance is 
placed in the collector circuit, some of the 
signal finds its way to the supply lines and 
to all the places to which they extend. 

fig. 3. Two methods for reducing 
high-frequency response. 

flow through the load resistor to ground. 
Going back, we find other routes: through 
the base bias network, and from base to 
emitter to ground. At the ground terminal 
these currents meet, and we trace them 
back to the power supply. This completes 
the current loop. It shows that the dc-sup-
ply circuit actually extends through the ac-
tive elements in the circuit. Thus there's a 
lot more to the dc supply than two wires 
with the circuit between. 

This is why some writers emphasize de-
coupling. 

Now for some practical examples. 

oscillators 
In fig. 5 I've drawn a simple oscillator 

circuit. Jt can't feed currents into the rest 
of the system, because it has no signal 
ground. It could be operated from a nega-
tive supply by returning the positive termi-
nal to supply ground, with the negative 
terminal above ground; this is the com-
monbase oscillator. There's no magic 
about having the base connected to a 
large piece of metal, so this connection is 
omitted. All currents have free paths to 
follow correct routes, and the circuit works 
fine. 

audio amplifiers 
I once had an experience with an in-

tercom amplifier that simply would not 
stabilize. It turned out to be caused by 
a speaker ground return to a handy tie 
point under the gain control. Let's see 
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what happens when such an amplifier is 
wired according to the single-point ground 
theory. 

The circuit of fig. 6 is one you might as-
semble from a printed-circuit amplifier kit. 
Why isn't it stable? 

Heavy output current is provided to the 
speaker. One watt into eight ohms is 125 
mA. The speaker return is connected to the 

fig. 5. Here is a conventional common-
base oscillator with no ground connec-
tion for feeding a simple rf mixer. 

chassis. After passing through the speaker, 
the current flows all the way around to the 
common ground wire and finally back to 
the power amplifier. 

Probably because of the way input con-
nectors are constructed, and because 
there's no extra terminal on the PC board, 
the input current must follow a route 
through the amplifier, along part of the 
same wire to the chassis, and back to the 
input connector. This doesn't look too bad. 
But let's estimate the voltage produced by 
the output current across the input terminal. 

If the entire resistance of the common 
wire, including chassis connection, is 10 
milliohms (and with a poor connection it 
could be more), the 125 mA audio current 
can generate 1.25 millivolts of unwanted 
current. If the phasing is correct, oscilla-
tions may result. At some frequency, the 
phase probably will be correct, The remedy 

is a small revision of the output circuit. 
This will allow the heavy output current to 
follow a direct route to the output stage. 

rf amplifiers 
The grounding bug can be responsible 

for rf feedback in rf stages. I once talked 
to a fellow with a well-shielded but un-
stable kW rf power amplifier. "How can 
this be unstable?" he asked. I don't know 
how it finally came out, but I saw some-
thing that appeared to be a prime suspect. 

Rf current flowed from the two 813 anodes 
to the pi network. From there, it flowed in-
to the antenna coax center conductor. The 
key here is that equal return current came 
back out of the connector and eventually 
found its way down through the two holes 
in which the tubes are placed. Finally, the 
current found a way to return to the tube 
cathodes. If the phasing is correct, current 

fig. 6. This audio amplifier is unstable 
because of feedback through a resistance 
common to both the input and output. 

coupled into the input circuit will cause 
oscillation. 

This problem can't be resolved by shield-
ing, because that's not where the trouble 
is. Some provision must be made to carry 
the return rf current directly to the cath-
odes. My recommendation, before building 
any rf power amplifier, is to draw a pic-
ture of the current route, including the 
coupling system. Include any direct paths 
that the current could follow. If you can't 
see the route, the current probably can't 
either, and some rerouting of return leads 
is a must to tame the circuit. This will 
yield an additional benefit of improved 
sensitivity (in a receiving system) and bet-
ter performance. 

ham radio 
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The search for an efficient, low-cost an-
tenna for 80 meters often takes on strange 
forms, mostly because of the fairly con-
siderable space necessary to get any sort 
of decent performance. Limited lot sizes 
often prevent erection of anything like a 
proper horizontal dipole, and even a long 
wire becomes a problem. However, a con-
venient answer to the problem may ap-
pear in the form of a vertical. 

Many thousands of hams operate 80-
meter mobile with small whips, using 
their car bodies as ground planes. Many 
attempts have been made to use these 
whips in home installations, with limited 
success. I believe the best answer is a 
happy compromise between whip and full-
sized antenna. 

The array described here is just such a 
compromise, but quite an efficient one, 
which should find ready appeal because 
of its low cost, small size and ease of 
installation. It's constructed of readily 
available materials, and can be built 
and installed in less than a day with no 
strain whatsoever. This antenna was de-
signed and buiJt by Wilbur (Bill) HiJIs, 
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VE1KK, a well-known 80-meter man here 

in the Maritime Provinces. Reference to 

fig. 1 will provide clear construction 
details. 

fig. 1. Construction of the low-
cost vertical antenna for 80 meters. 

A. TWO AND ONE-HALF LENGTHS <29 FT! OF 
1.29 INCH 0.0. SHOOED TV MAST 

BL LEAO HMSHEft (CUT FROM SHEET LEAD 
FLASHm) 

C. JOHNSON 135-47 FEEDTHRU INSULA TOR 

0. F I BER WASHERS {PART OF C) 

E. SAME AS • 

F. 2 INCH DIAMETER HON SOIL PIPE 
(S FT LONG) 

& 35 TURNS NO. 14 COPPER, 10 TURN* PER 
MCM, 3 INCH O.D. (AIROUX MO. MIOT-

TEXT) 

J. 5 OR 4 (MOUND RODS, FOUR 10 SIX 
FT LONO 

K. 12 TO * INCH DIAMETER TOP HAT MADE 
OF .1ST INCH DIA COPPER TMIUM (CUT 
M TO 30 INCHES LONG) 

construction 
The radiating section is made from two 

and one-half ten-foot lengths of tv mast, 
approximately I ' A inches in diameter. 
When purchasing the mast, pick up a 
couple of tv guy rings at the same time. The 
base support is made from a length of 

two-inch iron soil pipe (a five-foot length 
will be adequate). The pipe will be even-
tually buried in a hole where the an-
tenna will be positioned, but don't dig 
the hole until you finish this article so you 
have an idea of just where to dig it. 

Also remember that the soil pipe must 
be set truly vertical, or the antenna will 
have a drunken lean to one side or the 
other. To insulate the antenna from the 
mount, a Johnson number 135-47 feed-
through insulator is used. The insulator is 
inverted and its longest section is placed 
inside the pipe. The antenna is then 
placed on the insulator's base. To protect 
the porcelain from contact with the metal 
pipe, two washers cut from a sheet of 
lead flashing separate the insulator from 
the metal. 

The heart of the antenna is the loading 
coil at its base and the capacitance hat 
at the top. Both are easy to construct. 
The coil is made from a section of com-
mercial Air Dux number 2401T, or home-
made using 35 turns of number 14 copper 
wire, wound ten turns per inch three 
inches long. Small plastic strips, similar 
to the commercial stock, should be ce-
mented to the wire for support. Alternate-
ly, the coil can be wound on an insulated 
form. 

The capacitance hat is 12 to 16 inches 
in diameter, using 3/16 diameter copper 
tubing or a close equivalent. If the outer 
ring is soldered to the radials, and the 
inner ends of the radials soldered to a 
metal ring clamp, the hat will be rigid 
and can then be clamped or even soldered 
to the top of the mast. 

final assembly 
Because the efficiency of a vertical an-

tenna depends greatly upon its ground 
system, provision will have to be made to 
lay out as many ground radial wires as 
possible. The radials can be buried in the 
ground a few inches, although laying 
them on top of the earth will be all right. 
With this in mind, as well as remember-
ing that the antenna must be guyed, pro-
ceed to lay out the position of the an-
tenna and its guy stakes. 
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Dig the hole and set in the soil pipe. 
Next place the insulator, with the bottom 
lead washer, into the pipe. Slip the load-
ing coil over the pipe and let it slide 
down onto the ground for the moment. 
The antenna element can now be as-
sembled, and the guy rings installed. Be-
cause the element is very light weight, 
heavy nylon cord can be used for guys, 
and these should now be fastened to the 
rings. Two sets of three guys should be 
quite sufficient. 

Before raising the mast, mark out the 
position of the guy stakes, and install 
them in a triangular pattern around the 
base. Ground rods a few feet long will be 
fine. Now the mast can be stood up, with 
its base near the soil pipe. When it's 
vertical, carefully lift it straight up and 
set it on top of the insulator. (Don't for-
get the lead washer.) 

At this point I'll assume you have a 
friendly helper, and that he, or she, can 
run around and snub the guys while you 
hold the antenna upright. This will have 
to be done again later, to get the mast 
perfectly vertical, but at least it won't 
come down around your ears! 

Now, slide the loading coil up the pipe 

"Oh yat . . . 
I ' l l need • quart bottle 

for the base insulator . . ." 

and fasten its top end to the bottom of 
the mast. Slip a couple of small plastic 
strips between the coil and the pipe to 
hold it in place and prevent it from short-
ing against the metal. Connect the other 
end of the coil to the center conductor of 
the 52-ohm coaxial feedline, either RC 
8/U or RG 58/U, depending upon the pow-
er you plan to run. The RG 58/U will be 
fine for up to a half kilowatt at least. 

Bond the coax outer conductor to the 
junction of the ground radials, which can 
be made from copper or aluminum wire. 
Although they should be laid out radial-
ly, fanning out from the base in all di-
rections, in practice this will probably be 
impossible. Follow the simple rule of "the 
more, the better," and lay them out in 
any pattern allowable. If the guy stakes 
are made of standard four- to six-foot 
ground rods, three of the radials could be 
also connected to these rods to give just a 
little bit better efficiency. 

tune-up 
Tune-up is simply a matter of match-

ing the feedline to the vertical element. 
Use a clip-lead and tap the feedline along 
the loading coil until the best match (low-
est swr) is obtained. It should be possible 
to obtain an swr under 1.5:1 for approxi-
mately a 300-kHz section of the band. 
However, like all shortened antennas, the 
swr won't be this low across the whole 
band, and some provision will have to be 
made for retuning if you make a radical 
change in operating frequency, such as 
shifting from the low CW section to the 
higher part of the phone allocation. 

performance 
Although the vertical antenna seems to 

be more useful for DX work because of its 
lower angle of radiation, this shortened 
version has good efficiency at the higher 
angles and has proved to be an excellent 
antenna for all-around work on this 
band. My thanks to my good friend 
VE1KK for passing along the design in-
formation and operational results that 
formed the basis for this article. 

ham radio 
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If you are like most amateurs who own 

commercially built equipment, chances are 
you skip over modification articles no 
matter how good the circuit improvement 
might be. But if the modification can be 
added without drastic changes, then perhaps 
you might be interested. 

This article describes just such a circuit. 
By using existing controls on your ssb 
transceiver or receiver you can enjoy the 
benefit of added selectivity for cw recep-
tion. The circuit is simple and effective. 
All you will need are a crystal, a switch-
ing diode, and a couple of resistors and ca-
pacitors. No holes to drill, no extensive 
digging into the existing equipment, and 
no worries about defacing panels or chas-
sis. Although primarily intended for tran-
sistor or IC stages, this selectivity circuit 
will work with some sets using tubes. 

adding cw selectivity 
Adding a crystal filter in the i-f section 

of a transceiver or receiver, particularly to 
improve cw reception, often presents prob-
lems. The conventional approach is to 
break the signal connection between the 
i-f stages to insert the crystal filter. This 
requires some means of switching out the 
crystal filter when it's not desired. Also, un-
less the i-f strip has sufficient reserve gain, 
the insertion of the filter may cause a 
serious decrease in sensitivity. 

The crystal bypass filter presented here 
was developed to overcome most of these 
problems. It's particularly applicable to 
ssb transceivers, which require better selec-
tivity on cw than provided by the ssb 
filter. The ssb filter provides good skirt 
selectivity so all that's needed for good 
cw reception is a single crystal fifter whose 
frequency is centered in the transceiver's 
filter passband. The crystal bypass filter 
and the ssb filter work in tandem. 

This method won't give quite as good 
results as a six-pole, 400-Hz cw filter, but 
it will provide better cw reception under 
crowded band conditions than is possible 
by using the ssb filter alone. 

The only other simpler way to provide 
cw selectivity would be with an outboard 
audio filter. The one great disadvantage 
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of this method is that the age can't be 
disabled in any present-day transceiver, so 
strong signals entering the ssb filter still 
control age action, although the audio 
filter makes them inaudible. 

crystal bypassing 
The simple idea of crystal bypassing is 

shown in fig. 1A. The emitter swamping 
resistor bypass capacitor provides no se-
lectivity and, in fact, is chosen so the 
emitter is grounded for ac through an ex-
tremely small reactance at frequencies the 
stage is expected to amplify. If the swamp-
ing resistor were not bypassed, increased 
signal input would produce bias across 
the swamping resistor opposite to the for-

fig. 1. Capacitance and 
crystal bypassing of a 
common-emitter stage 
(A). Equivalent elec-
trical circuit of the 
crystal is shown in B. 

ward emitter-base bias, and stage gain 
would decrease considerably. This degen-
erative effect is used sometimes to stabilize 
a stage, and also is the basis for many 
compressor circuits. 

equivalent circuit 
The equivalent electrical circuit of a 

crystal is shown in fig. 1B. It has two 
resonance modes, one formed by the par-
allel LC combination (high impedance) 
and one formed by the series LC combina-
tion {low impedance). The two resonant 
frequencies are very close together. While 
the series-resonant condition can't be ex-
ternally influenced, the parallel-resonant 
condition is easily affected by wiring and 
crystal holder capacitance. 

If the emitter bypass capacitor is re-
placed by a crystal, the series-resonant 

mode of the crystal will ground the emitter 
for ac at only one frequency. At all other 
frequencies, the stage will be highly de-
generative and operate at reduced gain. 
The degree to which the crystal grounds 
the emitter will determine the loss intro-
duced by the crystal. With crystals of high 
Q, which have very low equivalent resis-
tance at their series-resonant frequency, 
the loss is small. In fact, it's conceivable 
that if an i-f stage were inadequately by-
passed to start with, the crystal bypass 
might cause the stage gain to increase at 
the crystal frequency. On the other hand, 
if i-f stage gain is independent of the by-
pass capacitor, the crystal bypass wouldn't 
provide significant selectivity. 

practical application 
The bypass capacitor should first be 

lifted from ground to determine whether 
the crystal bypass method might be effec-
tive with a particular amplifier stage. The 
reduction in gain will indicate the broad-
ness of the crystal response. If there is little 
gain reduction, signals outside the crystal 
passband will come through at about the 
same level as those in the passband. If a 
considerable reduction in gain occurs and 
the bypass capacitor is fairly large (0.1 
n? or so), indicating the circuit is of low 
impedance, crystal bypassing will work 
well. 

With conventional grounded-emitter 
transistor circuits, crystal bypassing will be 
most effective. However, other bypass ca-
pacitors can be tried until the most effec-
tive gain control action is found. 

-€5 
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Fig. 2A shows how crystal bypassing can 
be added to an existing i-f amplifier. The 
crystal is inserted between the existing 
emitter bypass capacitor and ground. The 
capacitor should be increased to 0.1 mF if 
it's not this value already. An spst switch 
shorts out the crystal for normal operation. 
Although the coax cable (fig. 2A) should 
be as short as possible, it's capacitance 

the diode forward current to about 500 M . 
The considerations outlined above also 

apply to crystal bypassing in vacuum-tube 
i-f stages. However, the problem here is 
that voltage levels are usually high enough 
to damage most crystals. The series ca-
pacitor between crystal and emitter in 
fig. 2A will act as a dc blocking capacitor 
when inserted between the i-f tube plate 

fig. 2. Simple switch-controlled bypass circuit (A). A diode-switched crystal bypass for an SB-34 transceiver 
is shown in B. 

doesn't affect the circuit greatly. Cable 
capacitance primarily affects the parallel 
resonant mode of the crystal, since the 
cable is shunted across the crystal. 

Fig. 2B, a variation of the circuit in 
fig. 2A, was tried on an SB-34 transceiver. 
Diode switching eliminates an rf-cable run 
from the emitter and takes advantage of 
a switch position already provided on the 
front panel. A similar scheme should be 
possible with many other transceivers. 
Switch S1 transfers the meter from a 1-ohm 
shunt in the amplifier plate lead to an rf 
output-level circuit. The diode is connected 
to the switch arm that goes between 
ground and the plate-voltage line; thus for-
ward bias is either applied to or removed 
from the diode. When forward-biased, the 
diode shorts the crystal for normal recep-
tion. The 1-megohm series resistor limits 

circuit and crystal. If the capacitor is 
large enough, the crystal frequency won't 
be affected. A value between 0.1 and 0.25 
MF should be about right. 

a final word 
If you would like to add better cw se-

lectivity to your ssb equipment, by all 
means consider the crystal bypassing 
scheme presented here. The circuit won't 
work in all ssb gear, but you can deter-
mine this easily enough as described pre-
viously. Careful examination of the front-
panel control functions on most equip-
ment should reveal one that will perform 
the auxiliary job of a crystal switch. A 
no-holes modification can then be added 
to provide real cw selectivity at the ex-
pense of only a few components. 

ham radio 
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the homebrew art 
"The transmitter here is homebrew; the re-
ceiver here is homebrew." Remember when 
you used to hear that on the air? But to-
day all you hear is, "The rig here is a 
Super Sky Model 10,000 Transceiver." Ev-
eryone then knows what it is. 

What has happened to 
homebrewing? 

First let's look and see what has hap-
pened to ham radio in the last 15 years. 
Single sideband, transistors, integrated cir-
cuits and the switch to transceivers have 
come into widespread use. But are these 
reasons not to homebrew? I don't think so. 
Now let's look at the marks against home-
brewing: Takes time; can't find the parts; 
costs too much; doesn't look good; can't 
build ssb gear because I don't understand 
it; don't know anything about transistors. 
Let's take these one at a time and see how 
hard they really are. 

time 
It takes time; truly it does take time to 

do most anything, but if a few hours were 
set aside each week for a homebrew proj-
ect, you could soon have it built. The more 
time you allow for the project the quicker 
it will get done. A receiver, transmitter or 
transceiver will take a lot more time than 
an swr bridge. So remember this when you 
start a project, and don't expect that re-
ceiver you might be building to be working 
in a day or two. 

parts 
This is sort of the same old thing, law 

of supply and demand. If you don't buy 
parts, the stores won't stock them. "Well 
then," you ask, "where can I get parts?" 
Allied Radio or Newark in Chicago, or 
Lafayette in New York, seem to have the 
best selection of parts. Sometimes Allied's 
regular catalog doesn't list some items, but 
their industrial catalog does. So if you 
build a lot it might pay to get an indus-
trial catalog. 

cost 
The cost factor will vary, depending up-

on the size of your junk box. A homebrew 
rig doesn't have to cost a third of what a 
store-bought one would. If you don't have 
any parts to build with, maybe a trip to 
the local surplus store could help you. 
Sometimes a horsetrading trip to a local 
ham could net you some parts he's going 
to throw out. Either new or surplus parts 
will work, so the cost of homebrew equip-
ment can be what you can afford. 

appearance 
A piece of homebrewed gear can look as 

good as you want it to. A little extra time 
and thought given to planning the layout, 
before any holes are cut, can make all the 
difference in the world as far as looks are 
concerned. Of course, the better a piece of 
equipment looks, the better it was laid out. 
So take that little extra time needed to make 
it look like a factory-built rig. 

£ You can't build single sideband gear? If 
^ you've built a-m gear, you sure in the 
•c world can build ssb gear. Single sideband 
o is much easier to build. Some will disagree 
</i 

X A liHIa axtra tima and thought givan to plan-
— ning tha layout befora any holat ara cut can 
6 0 maka all tha diffaranca in tha world. 
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with me here, but you don't have the big 
modulators, big power supplies, big cabi-
nets, and big TVI problems with ssb that you 
do with a-m transmitters. 

Single sideband transmitters use either 
the filter or phasing method, but the trend 
today is toward the filters.1 

transistors 
You don't know anything about transis-

tors—you can't build with them? They're 
easier to wire than tubes because they 
have only three leads whereas a tube 
may have up to seven. The transistor re-
quires no filaments so it operates cooler 
than a tube. 

How can you find out about transis-
tors? You might try some of the books on 
the market today. A good one is "Basic 
Theory and Application of Transistors;" it 
is TM-11-690 and costs only $1.25 from the 
Government Printing Office in Washington, 
D.C. It will give you a good basic under-
standing of transistors. Or you might try 
one of the new se/f-instruction pro-
grammed books on transistors. Maybe you 
could even take a course from one of the 
electronics schools in transistor theory. The 
ham who says he doesn't know about tran-
sistors doesn't want to learn about them. 

design 
You ask, "Where do I come up with a 

design?" I do R and C—Read and Copy. I 
start first with a list of things I want in a 
transmitter, then start looking through old 
magazines to see if I can find something 
close to what I want. Maybe I find one 
thing in one magazine; something else in 
another. I then combine the two into what 
I want. 

Now that you have down on paper what 
you're going to build, you start looking 
through the junk box for parts, or maybe 
even make a trip to a friend's junk box. 
You find out then you don't have to order 
as many parts as you thought you would. 

heat up the soldering iron 
Then comes the big day when you start 

drilling holes. Make sure your layout is cor-
rect, because you are only building one 

transmitter, not four or five, and you can't 
afford to make mistakes. 

Now that the holes are all drilled, you 
start mounting parts; then comes the wir-
ing. Take your time here, because it'll pay 
off in the long run. If you get tired after wiring 
for a while, set the work aside for a day or 
two, then go back to it. But be sure and keep 
notes. They will come in handy when you go 
back to wiring. 

Uiually I find one thing In one maga-
zine, something else in another. 

the final check 
It will take time and patience to get the 

equipment in proper working order. But the 
extra time spent on tuning up and align-
ment will make for a better-sounding 
transmitter. The final-final test, of course, 
will be the on-the-air reports. 

The next time you're on the air, and 
someone wants to know what that good-
sounding rig is, you can say with pride, 
"the rig here is homebrewed." 

If you're thinking about buying a new 
receiver, transmitter, or transceiver, why not 
think of the homebrew route? Not only 
will you be saving money, but you can 
learn what goes on behind that panel. 
And, after all, isn't that what amateur 
radio really is? 

reference 
1. Fred S. Randall, K1UKX, "Homebrew 5-Band S5B 
Exciter," ham radio, March, 1968. 
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propagation 

predictions for june 
Perhaps you've judged from some of my 
past columns that I believe that there's 
much more to amateur radio than just 
communicating. This month's column is 
writ ten for those amateurs who have a 
spark of the oldt ime spirit of exploration 
of the unknown that brought amateur 
radio to its position of eminence. Let us 
revel a bit in these past glories. 

The history of radio is replete wi th ex-
amples of contributions by amateur ex-
perimenters to science. In the beginning, 
there was Guglielmo Marconi. Although 
his later experiments were financed, and 
he was never a licensed amateur, his ex-
periments were truly in the spirit and 
tradition of amateur radio.* 

Marconi's transatlantic tests took place 
on wavelengths of 1000 to 2000 meters in 
1901, in spite of the belief by most emi-
nent scientists of the day that wireless 
communication was l imited to the hori-
zon. Kennelly and Heaviside independent-
ly postulated the existence of electrically 
conducting reflecting layers in 1902 to ex-
plain Marconi's results, and Balfour Stew-
art had predicted their existence more 
than 20 years previously to explain varia-
tions in the earth's magnetic field. How-
ever, the existence of these layers was not 
verified by experiments until 1925. 

In the meantime many physicists were 
attempting to explain long distance prop-
agation as being due to diffraction so 
they felt that the longer waves were the 
most useful. The Radio Act of 1912 re-
stricted radio amateur operation to those 
"useless" wavelengths below 200 meters. 

One of the earliest cooperative radio 
amateur scientific studies was the ARRL 
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Bureau of Standards fading tests held on 
250 meters in 1920. In 1921 and 1922 the 
ARRL sponsored successful transatlantic 
tests on 200 meters and in 1923, two-way 
transatlantic communications took place 
with Leon Deloy, 8AB, in France on 100 
meters. The race to the short waves was 
on, and the science of ionospheric physics 
was born. 

In the 1930's, correlations of the effects 
of meteorological conditions on vhf were 
made by Marconi in the Mediterranean 
and later by Ross Hull of the ARRL using 
radio amateur observations. Also, amateur 
reports of long-distance 5-meter contacts led 
J. A. Pierce, W1JFO, of Harvard University, 
to establish the cause as sporadic-E. Pierce 
also correctly identified meteors as being the 
cause of transcient hf propagation bursts in-
side the skip zone. 

In the late 1940's, CQ magazine spon-
sored Radio Amateur Scientific Observa-
tions to map the motion of sporadic-E 
clouds using amateur 50 MHz observa-
t ions.2 '3 '4 5 Radio amateurs also contributed 
to science by reports of vhf reflections from 
the aurora.6-7 Dr. O. C. Villard, Jr., 
W6QYT, at Stanford University introduced 
the radio amateur to such postwar de-
velopments as backscatter sounding,8 me-
teor scatter communication,9 artificial 
sporadic-E iayers10 and widespread use of 
single sideband. 

Perhaps one of the greatest postwar 
amateur discoveries was that of trans-

* If you haven't read George Jacob's articles on Mar-
coni1 or the other excellent historical articles on 
"Men In Radio" in CQ magazine, you should. Also 
highly recommended are ARRL's historical articles, 
"Fif ty Years of ARRL," which appeared in QST in 
1964 and Clinton B. DeSoto's "200 Meters and Down . " 
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equatorial propagation of vhf signals at 
night during years of High solar activity.11 

The National Bureau of Standards re-
quested amateur observations of their 
South American 50 MHz beacon trans-
missions during the International Geo-
physical Year (IGY),12 and the ARRL-IGY-
PRP (International Geophysical Year Prop-
agation Research Project)13'14'15 brought 
together amateur observations of anoma-
lous vhf ionospheric propagation from all 
over the world. 

In 1957, J. Chambers, W6NLZ, and R. 
Thomas, KH6UK, demonstrated that 144-
MHz tropospheric vhf contacts could be 
made over water as far as 2540 miles and 
in succeeding years repeated the feat on 
220 MHz and 432 MHz (one-way). In 1959 
and 1960, R. Mellen, W1IJD, and C. Milner, 
W1FVY, demonstrated that 50-MHz signals 
could be propagated for distances as 
great as 2500 miles from Ice Island T3 
through the auroral zone to the northern 
contiguous United States.10'1T 

More recently, other than the OSCAR 
tests, amateur contributions to the state-
of-the-art have left something to be de-
sired. You may argue that, "These days 
true contributions to the state-of-the-art 
are made by large groups of well-financed 
researchers in government and industry; 
these days radio amateurs are at least 
ten years behind and many tens of dB's 
below the state of the art." 

Perhaps you stand too much in awe of 
big technology. Sure, interesting discoveries 
are being made with facilities well be-
yond the capabilities of amateur radio. 
However, in over ten years of radio-prop-
agation research I have been surprised by 
how much can be done by the properly 
motivated and educated "little guy." 

Some of us just take up space on the 
bands; some of us do communicate; some 
of us do perform public service. A few of 
us may, once or twice in our lives, make 
a small contribution to science, or even 
an MSB (Major Scientific Breakthrough). 
At times most of us observe various geo-
physical phenomena—through frosted-over 
glasses. All that stands between just ob-

serving and actually contributing to sci-
ence are perception, imagination, perse-
verance, and some skill, tempered with 
knowledge. For example, thousands of 
amateurs probably observed noise fro,m 
outer space before Carl Jansky and Grote 
Reber, (W9GFZ),18.19.20 but Jansky and 
Reber had the necessary combination of 
mental ingredients and technology to 
make the discovery of cosmic noise in the 
1920's, and eventually to carry the obser-
vations through to start the science of ra-
dio astronomy. 

Lately, I had the occasion to talk with 
a scientist of note who shall remain un-
named, and I asked him about using 
amateur observations of some upcoming 
ionospheric chemical releases. His reac-
tion was negative, not for security rea-
sons, but because he felt that the useful 
amount of information gained would be 
more than balanced out by the job of 
sorting through misinformation. One ma-
jor factor for this was the lack of satis-
factory preiaunch communications to 
amateurs on previous tests of this sort. 

Would you believe it? If not, listen in to 
some W1AW broadcasts or Project OSCAR 
broadcasts. Soon you too will come to the 
conclusion that we are a long way from 
having a reliable 24-hour-a-day amateur 
radio communications system. And that is, 
unfortunately, the nature of the radio 
amateur service. 

long delay echoes 
There are still some scientists that have 

not lost faith in radio amateur observa-
tions. Dr. O. G. Villard, Jr., W6QYT, has 
recently enlisted the aid of the Northern 
and Southern California DX clubs in col-
lecting reports of long delay echoes which 
may have been observed by radio ama-
teurs in the hf bands. He is particularly 
interested in signals that last for two sec-
onds or more, and is not interested in the 
frequently encountered round-the-world 
echo. 

In 1928, C. Stormer in Norway heard 
echos with delays of 3 to 5 seconds on 
transmissions from a station at Eindhoven, 
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Netherlands on 30 meters operated by fel-
low ionospheric scientist B. Van der Pol. He 
telegraphed Van der Pol, who listened and 
heard the echoes himself. Stormer thought 
the echoes were due to reflections from 
solar ionized particle streams, while Van 
der Pol thought them due to great group 
retardation in the ionosphere.21'22 Other 
scientists had other theories; E. V. Apple-
ton thought the echoes may have origi-
nated from the signal circulating the 
earth repeatedly,23 P. O. Pederson thought 
they may have been due to trapping of 
electrons along geomagnetic field lines,24 

and N. Janco thought they may have been 
due to trapping between ionospheric E and 
F layers.25 

During the 1929 solar eclipse A. E. Ken-
nelly observed echoes with delays be-
tween 1 and 30 seconds on 25 meters.20 

Since 1934, reports of long delay echoes 
have been infrequent and have come only 
from radio amateurs. One systematic at-
tempt to study the echoes was made in 
1947 at Cambridge University in England, 
but it was unsuccessful.27 For this reason, 
and the unsatisfactory possible explana-
tions of this effect, most scientists today 
are inclined to discount the observations 
as imaginary. 

However, the situation has changed 
within the past two years. Laboratory ex-
periments with plasmas by Dr. F. W. Craw-
ford at Stanford have indicated that mi-
crowave signals may be stored in a plas-
ma and retrieved after an appreciable 
time delay. If the laboratory results could 
be extrapolated to the ionosphere, the de-
lays would be tens of seconds and thus 
there is an awakened interest in long de-
lay echoes. 

Dr. Villard would like to hear from ra-
dio amateurs who have heard echoes of 
this sort on their or other station's signals 
with as much of the particulars as can 
be remembered. Tape recordings of such 
an effect are most welcome. The desired 
information includes call signs, addresses, 
date and time, frequency, modulation 
type, transmitter power output, antenna 
type, gain, direction of fire and height 

above ground, and estimated duration of 
echo and characteristics of same, such as 
Doppler shifts, fading, strength or multiple 
echoes. In addition Dr. Villard would be 
interested in knowing your occupation and 
the year you obtained your first license. 
Reports should be sent to: 

Dr. O. G. Villard, Jr. 
Radioscience Laboratory 
Stanford University 
Stanford, California 94305 

sporadic-E 
I am interested in obtaining reports of 

144-MHz sporadic-E and reports of 50-
MHz sporadic-E under 400 miles at times 
when 144 MHz was open for sporadic-E 
last summer. I am also interested in re-
ports of 50-MHz multiple-hop sporadic-E 
over distances greater than 2800 miles. 

six-meter propagation during 
february and march 

On February 2nd from 2215 to 2300Z, 
six meters was reported open for F2-layer 
backscatter between Northern and South-
ern California, Arizona and Kansas. 
WB6NTL in Sacramento reportedly worked 
a KP4 near 2230Z. On February 14th, ZB2BC, 
Gibraltar, reportedly heard ZE1AZG (beacon 

fig. 1. Time chart of median E-layer for 
June 1969 predicted for the regular day-
time E-layer. 
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station at Port Victoria, Rhodesia on 50.050) 
near local noon. 

Solar activity increased drastically dur-
ing the last week of the month. From Feb-
ruary 20 to 27 the daily sunspot number 
was in excess of 200 and as high as 300, 
up substantially from earlier weeks. An 
active region on the sun near 12 degrees 
N. Latitude produced several solar flares 
of importance on February 24th at 2300Z, 
on February 25th at 0900Z, on February 
26th at 0421Z, and on February 27th at 
1358Z. Severe ionospheric disturbances fol-
lowed the flares of the 25th and 27th. 

Ionospheric physicists have found that the 
particles emitted from the sun during a solar 
flare are confined to streams and that the 
probability of the earth intercepting the 
stream from any given flare is small. Once a 
stream has bridged the gap from sun to earth, 
however, it forms a well conducting track 
through which subsequent flares may more 
easily shoot particles. This appears to have 
been the case during the period of February 
27 through March 2, 1969. 

On February 27th, W5RCT near Dallas, Tex-
as reports working XE1AAN and hearing 
ZK1 AA's beacon on 50.100 between 0135 and 
0315Z, peaking as high as 40 dB over the 
noise at 0200Z and fading down into the 
noise between 0232 and 0259Z. March 1st 
was the beginning of the transequatorial sea-
son for CE3QG at Santiago, Chile when he 
worked into Colorado, Texas, New Mexico 
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fig. 3. Maximum range to the north from 38° N. lati-
tude as limited by absorption, atmospheric noise and 
system parameters (100 watts CW to typical an-
tennas). 

and Arizona. Sporadic-E was also present be-
tween these states and California. In addition, 
some fuzzy-sounding signals from locals were 
heard out of the northeast that resembled 
aurora. Most of this was between 0400 and 
0600Z on March 2. 

On the afternoon of March 8, there was a 
50-MHz F2 opening between California and 
Hawaii for three hours with KH6EQF reported, 
"very loud." Backscatter was also reported 
between Northern and Southern California. 

fig. 2. Time chart of median F2 
muf for June 1969 from ITS pre-
dictions centered on a longitude 
of 90° W. 
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LOCAL TIME 

fig. 4. Maximum range to the northeast (top time 
scale) and to the northwest (bottom time scale) from 
38° N. latitude. 

LOCAL TIME 

fig. 5. Maximum range to the east (top time scale) 
and to the west (bottom time scale) from 38° N. lati-
tude. 
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LOCAL TIME 

fig. 6. Maximum range to the southeast (top time 

scale) and to the southwest (bottom time scale) from 

38° N. latitude. 

fig. 7. Maximum range to the south from 38° N. lati-

tude. 
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how to use these propagation charts 

1. To find the maximum usable frequency for 

F2-layer propagation for distances of 2500 

miles or more in any direction, find your 

control point and read the frequency from 

the F2-layer muf time chart. Your F2-layer 

control point is 1200 mies away from your 

station in the direction of propagation; this 

is about an 18-degree difference in latitude for 

a north-south path, or 1Vi hours time differ-

ence for an east-west path. 

2. To determine the path muf for a path under 

2500 miles, the control point is at the path 

midpoint, and a correction factor is applied to 

the 2500 mile muf. These correction factors 

are plotted in fig. 7 of the August 1968 column. 

3. During summer daytime, the path muf for 

a path shorter than 1200 miles may be set by 

E-layer propagation. To determine if this is 

So, refer to the E-layer muf time chart and 

the chart of muf reduction factor vs distance 

in this month's column. Note, however, that 

sporadic-E will probably result in zero skip 

distance on 7 MHz and skip distances under 

400 miles on 14 MHz very frequently during 

daylight and evening hours. 

4. The F2-layer will probably be effectively 

shielded by the E-layer for operating frequen-

cies below 70 percent of the predicted E-layer 

muf. 

5. Over any particular path involving more 
than one hop, the path muf is the lower of 
yours and the other station's control-point 
muf. The muf time charts may be treated as 
muf contour maps. (The F2-layer chart has 
significant errors outside the range of longi-
tudes between 45 °W. and 135°W.) A s such, 
each hour is the equivalent of 15° of longi-
tude. A map drawn to the same scale can be 
overlayed and positioned to the right or left to 
show the variation of the muf contour map 
with time. Curved lines may be drawn on the 
overlay representing great circle paths, as 
found from a globe or " Ionospheric Radio 
Propagation," printed by the U. S . Govern ' 
ment Printing Office. 

6. To find the maximum propagation distance 
as limited by ionospheric absorption and at-
mospheric noise, refer to the maximum range 
charts for the directions you wish to work. 
Note that the time scales are reversed for 
westward propagation. A l so note that this 
month the noise curves have not been as-
sumed to be symmetrical about local noon. 
Thus when the curves are used to predict 
propagation to the west they may be in 
error due to this lack of symmetry. These 
curves are based on a unity signal-to-noise 
ratio of a 6-kHz bandwidth with 100 watts 
output and antenna gains (over an isotrope) 
of 6 dB for 20 and 15 meters, 0 dB for 40 
meters, and —6 dB for 80 meters at each 
station. 

propagation for June 
Summertime conditions described in last 

month's column will be with us for several 
more months. In short, this means more noise 
on 80 and 40 meters and 20 meters at night, 
and more absorption on the same bands dur-
ing the daytime. The inability to do much 
DX'ing on these bands near midday will be 
due as much to shielding of the F2-layer by 
the E-layer as due to absorption. 

It takes a lot of E-layer hops to cover more 
than transcontinental distances at respectful 
elevation angles, and each hop gets absorbed 
more than a longer F2-layer hop. As a result 
best DX will be during twilight and darkness 
hours. 

Although 15 meters is primarily a daytime 
band it may remain open well towards local 
midnight. Some mornings the MUF may not 
quite reach 21 MHz, or all you may be able 
to work is South Americans. You should be 
able to work polar paths that do not reach 
latitudes higher than 60 degrees north latitude 
for a fair fraction of the days of the month. 
Don't look for much F2-Iayer propagation be-
tween the East and West Coasts on 28 MHz 
during the month. There will be double-hop 
and sporadic-E occasionally, and regular 
openings to the Southern Hemisphere, how-
ever. 

June is the big month for sporadic-E on 50 
MHz (and perhaps on 144 MHz). In addition, 
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there are daylight meteor showers scheduled 
for June 4th-6th (Perdeids), June 8th (Arietids) 
and June 30th-July 2nd (Taurids), and the 
nightime showers, Scorpids (June 2-17) and 
Pons Winnecke (June 27-30). Judging by the 
connection shown between sporadic-E and 
meteor ionization in last month's column, 
these dates might bear watching for wide-
spread sporadic-E as well. 

The F2-layer muf time chart was derived 
from "Ionospheric Predictions" for a longi-
tude of 90° W. These predictions are pub-
lished monthly by the Institute of Telecom-
munications Sciences (ITS), Boulder, Colora-
do, and are available through the U. S. Gov-
ernment Printing Office. The maximum 
distance curves were derived from considera-
tion of atmospheric noise levels (from CCIR 
Report 322) and calculated path losses at fixed 

distances in each direction from 38° N. lati-
tude. Some minor differences in maximum 
range will be noted due to change in absorp-
tion and change in noise levels throughout 
the 48 contiguous United States. Somewhat 
greater ranges should be expected over paths 
further from the sub-solar point (more north-
erly latitudes during daylight). 

The predictions given in this column are 
for median conditions. On any particular 
day, muf's may be as much as 10 percent 
higher or lower than the median. Absorption 
and noise levels, particularly on the lower 
amateur bands, may be as much as 10 dB 
different from the median. Residential noise 
levels (from electrical lines, appliances, and 
vehicular traffic) may, and frequently will, be 
tens of decibels stronger than atmospheric 
noise. 
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tebook 

tone encoder and 
secondary frequency 
oscillator 

While working on various RTTY and fm se-
lective-call projects, the need for an accurate 
stabile tone source became apparent. The 
device shown here is presently programmed 
for eight frequencies, provides a good sine-
wave output and is quite stable over a wide 
range of temperature, voltage and loading. 
The oscillator has been duplicated by a num-
ber of amateurs and used as a digital se-
lective-call encoder on many of the West 

Coast repeaters. Its reliability and stability 
have been proven under all types of field 
conditions. Further, the unit can be easily 
modified to provide tone-burst operation. 

It should be obvious that to obtain fre-
quency accuracy closer than 1%, a fre-
quency counter must be used. However, 
close to 1% accuracy can be expected for 
the frequencies listed with combinations of 
good quality Mylar capacitors. 

For burst use, return the negative common 
to the push-to-talk line instead of ground; 
add a zener regulator for power or use a dry 
battery. Connect the two diodes and the RC 
network as shown in the box in fig. 1. For 
mobile operation, be sure not to ground or 

OUTPUT 

fig. 1. Ton* encoder and secondary fre-
quency oscillator. Only four switchable 
frequencies are shown. For digital encod-
ing a sat of dial pulsing contacts may be 
inserted in the line at point A or B. 

ACDITIONS FOR TONE BURST 

66 5JJ june 1969 



table 1. Frequencies and tuning capacitors used in 
the tone encoder built by WB6YQC. 

Channel Design Measured Capaci- Use 
Frequency Frequency tance 

(Hz) (Hz) OxF) 

1275 1271.5 0.150 RTTY space 
frequency* 

1700 1699.6 0.068 RTTY mid-
band* 

1800 1803.0 0.0568 selective-
call tone 

2125 2125.8 0.0340 RTTY mark 
frequency* 

2400 2401.4 0.0181 selective-
call lone 

2550 2551.4 0.0106 RTTY mid-
band 

2700 2704.1 0.0071 selective-
call tone 

2975 2973.3 0.0001 RTTY space 
frequency 

'wide shift fsk/ssb transmitter. 

common anything except through the audio 
return line to the transceiver. 

Digital encoding can be easily obtained by 
inserting a set of dial pulsing contacts in 
series with the 3.3k oscillator base-bias re-
sister, or in series with the 0.1 /uF oscillator 
output coupling capacitor. The unloaded 
output voltage is in excess of 2 V rms above 
1700 Hz. With a 100-ohm load, the output 
drops to 300 mV rms, still enough to provide 
full deviation in most fm rigs. 

The frequencies I used are shown in table 
1 but other tones can be easily substituted 
for your particular requirements. Printed cir-
cuit boards for the basic oscillator circuit 
are available from the treasurer of the Griz-
zly Peak VHF Radio Club, Post Office Box 
1333, Richmond, California 94802 for $1.50 
each. I would like to extend my thanks to 
WA6UFW who did the initial design work 
with the basic oscillator. 

David M. Stahley, K8AUH 

grounding 
If you're plagued by excessive receiver 

noise, a hot microphone, or rf around the 
shack, better check your ground connec-
tion. If your house was built after about 
1960, you may be lacking a simple metal-
to-metal connection if you depend upon a 
cold water pipe for a ground. Most build-

ers have been using various forms of poly-
vinyl pipe to bring water in to a given 
location in the house where it is connected 
to standard metal fittings. The contractor 
saves a pile of money with this approach 
but you haven't got a ground; play it safe 
and use a good ground rod. 

Elliott Kanter, W9KXJ 

incremental tuning for the 
heath HW-100 

The addition of incremental tuning to a 
ssb transceiver is an ideal and often 
needed refinement. It allows the receiver 
to be shifted a few kHz above or below 
the transmitting frequency. This helps when 
someone has trouble zero-beating your fre-
quency or when you're in a roundtable 
where someone is inevitably off frequency. 
It can eliminate the embarrassing prob-
lem of tuning for the off-frequency station 
and then suddenly finding yourself equally 
off zero beat. It is especially handy where 
there may be a highpitched voice—you 
can tune for personal listening comfort 
without affecting your own transmit fre-
quency. 

In the receive position, with the incre-
mental tuning switch on, varying the dc 
bias on the varicap diode causes the 
capacitance to change within the range 
of the incremental tuning control. With the 
transceiver in the tune position (or trans-
mitting), the antenna changeover relay 
(through contacts 3, 7 and 11) disconnects 
the manual tuning voltage and inserts a 
calibrate voltage in its place. This sets the 
capacitance of the varicap at the center 
frequency position of the incremental tun-
ing control. A shift of 2 kHz either side of 
center can be obtained with the values 
shown in the schematic. 

The bias voltage is derived from the 
+150 V regulated supply. The voltage is 
dropped to +12 V and regulated by the 
47k, 1-watt resistor and a 1N963B zener 
diode; this keeps the voltage steady on 
both transmit and receive. The photo 
shows how the components may be 
mounted in an already well packed area. 
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When it comes to 
antenna systems . . . 

IS YOURS 
a space problem? a budget problem? 

an installation problem? 
an applications problem? 

or simply a problem of where to buy? 

Your one-stop solution is 
ANTENNAS, INC 

Exclusively specialists in radiating systems 
Complete systems or any component part 

Arrays — complete or in kit form, 
quads, yagis, dipole assemblies, ver-
ticals — fixed or mobile, towers, 
masts, rotors, guy and control cable, 
transmission line, coax relays and 
switches, connectors and adapters, 
test gear, technical publications, cor-
rosion resistant hardware, corrosion 
proofing chemicals, insulators, in-
stallation and wiring hardware, alu-
minum tubing and plate, wire, and 
much, much more. 
If your requirements are for a com-
plete system, major components, or 
the smallest yet important piece of 
hardware — ANTENNAS, INC, has 
AMPHENOL 
ANTENNA SPECIALISTS 
BELDEN 
BILADA 
BIRNBACH 
CALCON WIRE 
CDE ROTORS 
COMDEL 
CUBEX 
CUSHCRAFT 
DGP 
DPZ 
DOW-KEY 
EZ-WAY 
R. L. DRAKE 
HAM-KITS 
HY-GAIN 
GENERAL ELECTRIC 
GENTEC 
GOLD LINE 
GOTHAM 

HI-PAR 
E. F. JOHNSON 
MILLEN 
MINI-PRODUCTS 
MOR-GAIN 
MOSLEY 
NEWTRONICS 
OMEGA-T 
POLYGON PLASTICS 
POMONA 
ROHN 
SKYLANE 
SWAN 
TELREX 
TIMES WIRE 
TRI-EX 
TRISTAO 
UNADILLA 
VESTO 
WATERS 

ANTENNAS, INC 
Can be your one-stop, single-source 

Write today for our catalog — 
no charge of course. 

ANTENNAS, INC 
Dept. C, 512 McDonald Road 
Leavenworth, Kansas 66048 

The calibrate pot is mounted just to the 
side of the final tank cage in an existing 
5/16-inch hole. (This hole will have to be 
enlarged to 3/8-inch to accommodate 
most pots.) Mount a 2-lug terminal strip 
(Cinch-Jones 52) on the underside of the 
chassis near the pot. A 47k, 1-watt resistor 
is placed between pin 1 of the OA2 (V18) 
to the closest tie point with the zener di-
ode going from the same tie point to 
ground. The incremental tuning pot on the 
front panel is mounted to the right of the 
meter at the same height as the tuning 
controls to maintain a neat panel layout. 
You can get an extra knob from Heath to 
match the original equipment (part num-

TO XIHCT10N OF C94S AND 
C9S0B IN THE VFO 

m m 

fig. 2. Receiver incremeniaf tuning for the HW-100. 
The two 25k pots should have linear tapers. 

ber 462-191 $.70). A sub-miniature spdt 
switch is mounted above the pot. Decal 
numbers may be added to indicate 1- and 
2-kHz deviations from the center. 

A five-conductor color coded cable can 
be made up to wire between the chassis 
and the front panel controls. This cable 
can be passed through an existing 1/4-
inch hole in the i-f circuit board. 

Mount a one-terminal Cinch-Jones 51A 
terminal strip to the left of the backlash 
gear on the vfo capacitor; straighten the 
ground lug. Mount the varicap from the 
ungrounded lug to ground and mount the 
5-pF mica capacitor from the same un-
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grounded lug to the junction of C948 and 
C950B. 

Mount a two-terminal Cinch-jones 52A 
terminal strip just in back of the vfo ca-
pacitor on the stud holding the vfo coil. 
Mount the 470k, Vj-watt resistor between 
ungrounded terminals, by-passing one end 
of the resistor with a .001 disc ceramic to 
ground and connecting a wire between 
the other end of the resistor and the termi-
nal strip mounted on the vfo. Leave 
enough slack in the rigid wire to clear the 
rotor. Connect a wire to the bypassed end 
of the 470k resistor and pass it through a 
hole in the top of the vfo chassis to a 
Cinch-Jones 53 terminal strip mounted on 
top. 

V a r i c a p installation. 

To calibrate the two pots for the same 
receive and transmit frequency, set the 
front panel pot (number 1) to its center 
position. Set the number 2 pot (mounted 
near the final tank cage) to ils approxi-
mate center. With the incremental tuning 
switch turned on, set the mode switch to 
C W and tune the vfo dial to zero beat 
the crystal calibrator. Put the incremental 
tuning switch in the off position and ad-
just the number-2 pot to zero beat with-
out touching the vfo dial. With this cali-
bration completed you should receive and 
transmit on the same frequency. Some 
minor correction in dial accuracy will 
have to be made to allow for slight added 
capacitance, but it is minor. 

Bill McCracken, K1GUU 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back! 
Now RCA Institutes Home Study Training has the 
F C C License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the F C C License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course is primarily 
for Commercial License qualifications. But it 
does cover some of the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail coupon today tor full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 

p ^ i i s s s r ? 8 
I 1 " U N I * . 

RCA INSTITUTES. INC.R. - — 
D e p t . H R - 6 9 ~ m m m _ m m m t 

320 Wo si 31st Street, Now York, N.Y, 10001 

Please rush me, without obligation, Information on 
your all-new FCC Commercial License training. 

Name 

Address 

City State Z l p 
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NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup-
presses noise generated by auto Ignitions, 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 
Features include modern solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown installed on a Swan 250 at 
accessory socket location. 
Simplified installation requires twenty minutes. 
TNB-250 $29.95 pjJd. 
TNB-250C (for Swan 250C) $32.95 ppd. 

Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 

NOISE BLANKER 
W E S T C O M 

Choice of 14-20, 100-140. or 125-160 VDC, RCA 
phono or BNC'connectors. Specify for 10 or 20 
meter converter output. 
Model TNB $29.95 ppd. 

(For special frequencies add $3.00) 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 
All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

W E S T C O M 
E N G I N E E R I N G C O M P A N Y 

P. O. Box 1504 San Diego, Cal. 92112 

Two-meter fm is becoming very popular 

in many areas, and new two-meter fm re-

peaters are popping up all over the country. 

A new entry in the fm transceiver market is 

the FDFM-2S manufactured by the Inoue 

Communicat ions Equipment Corporation. 

The FDFM-2S is completely solid state and 

built around modular computer techniques 

so it's rugged and has good interstage shield-

ing. The unit features three sets of transmit/ 

receive frequencies that are selectable from 

the front panel; power supply is 12 to 24.5 

Vdc so it's a natural for mobile operation. 

The receiver is dual conversion with a fet 

rf amplifier and adjustable squelch; sensitiv-

ity is less than 1 /tV for 20 dB signal-plus-

noise-to-noise ratio, and spurious responses 

are 60 dB down. The transmitter section runs 

10 watts input (5 watts out), has frequency 

deviation less than 25 kHz and built-in push-

to-talk. The FDFM-2S comes complete with 

microphone, battery pack, six crystals of 

your choice, mobile mounting bracket, pow-

er connectors and manual; $295.95. Also 

available are the 2-walt FDFM-2 two-meter 

fm transceiver and 2-watt F D A M - 3 six-meter 

a-m/fm transceiver with vfo. For more in-

formation write to Varitronics Incorporated, 

4109 North 39th Street, Phoenix, Arizona 

85018. 
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new galaxy transceiver 
DX-ARRAY 

NEW 20 ELEMENT 
ANTENNAS 

Galaxy Electronics has announced a com-
pletely new transceiver, the GT-550, and a 
complete line of matching accessories. The 
GT-550 is a five-band ssb and CW trans-
ceiver that features 550 watts input on ssb 
(360 svatls input on CW). Optional acces-
sories include an ac power supply, mobile 
power supply, phone patch, cw filter, vox, 
crystal calibrator and mobile mounting 
bracket. The new Galaxy line of matching 
equipment includes the LA linear amplifier, 
rf console, remote vfo and speaker console. 
Price of the basic GT-550 transceiver is $449. 
For an illustrated brochure with full specifi-
cations on the complete Galaxy line, write to 
Galaxy Electronics, 10 South 34th Street, 
Council Bluffs, Iowa 51501. 

new arrl handbook really 
revised 
If you're one of the thousands who found 
out about the 1968 ARRL Handbook too 
late (It was sold out by August; they usually 
expect to have copies left in February), you'll 
be happy to hear that the 1969 edition is 
now available. Last year's Radio Amateur's 
Handbook was extensively revised by Doug 
DeMaw, W1CER, to incorporate modern 
solid-state circuits and practices. Its success 
proves both the need for revision and its 
satisfaction. The new 1969 edition is even 
better. Apparently, as is necessary in such 
a comprehensive work, the theory is being 
revised a few chapters at a time, while prac-
tical construction projects are changed more 
easily. 

The big news is that in addition to the 
excellent basic chapter on semiconductors, 
other chapters incorporate semiconductor 

FOR 
144 mhz 220 mhz 432 mhz 
A breakthrough in VHF/UHF Amateur antennasl 
The new Cuih Craft DX-Arrays combine the best 
yagi and cotinear features into the World's moil 
advanced amateur communication antennas. 
Realizing that the antenna is the most important 
part of your station, Cush Craft engineers have 
devoted two years of intensive development and 
testing to perfect DX-Array. DX-Arrays have al-
ready established new records in Dx-ing and moon-
bounce programs. 
Whatever your interest may be, ragchewing, con-
tests/ DX, or moonbounce, get in on the excitement 
of VHF hamming today with DX-Array. 

DX-120- 144 mhz 
DX-220 - 220 mhz 
DX-420 — 432 mhz 

$29.50 
22.50 
17.50 

See your local distributor or write for complete 
specifications on these exciting new antennas from 
the world's leading manufacturer of UHF/VHF 
Communication Antennas. 

6 7 1 N A Y W A R D S T R F E T 

M A N C H E S T E R N H 0 3 1 0 3 
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FREE! 
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OF 

ham __ 
radio 

I A one year subscription is $6.00, 

I Take a three year subscription for 

$12.00 and you get the last year 

for nothing. 

• Yes, I'd like the free year. Enclosed 

is $12.00. Send 3 years of HAM RADIO. 

* 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

circuits (along with vacuum-tube circuits). 
The receiving chapter includes bipolar, fet 
and IC detectors, mixers, oscillators, rf and i-f 
amplifiers, Q multipliers and other circuits. 
Specific construction projects are included. 
The transmitting chapter has not been re-
vised as extensively—yet—but a number of 
practical transistor transmitters and vfo's will 
interest you. The audio section now includes 
many solid-state circuits, and the code chap-
ter an IC keyer. 

The chapter on power supplies incorpor-
ates the information required to design re-
liable high-voltage power supplies with sili-
con diodes, and a number of low-voltage 
supplies are included for transistor gear. The 
vhf receiving chapter is outstanding. It re-
flects the latest amateur practice: fet's, bi-
polar transistors, even IC's. There's not a 
project using vacuum tubes in itl The simple 
6- and 2-meter converters are excellent suc-
cessors to the nuvistor converters that were 
the mainstays of vhf hams for many years, 
and the preamp for 23 cm should satisfy the 
real experimenter. 

The vhf-transmitting chapter includes a 
clean-looking practical varactor tripler for 
70 cm, and, it should be noted, efficient 
vacuum tube amplifiers for 70 and 23 cm. 
(I don't know of any transistors good for 
500 Wat432 MHz!) 

The section on portable and mobile gear 
is full of simple solid-state gear that should 
interest any ham: transceivers for 6 and 2, 
and a transmitter and converter for 160 m. 
Other chapters also include semiconductor 
gear. This discussion of the solid-state con-
tent of the handbook is simply intended to 
emphasize the extensive revisions Doug has 
made to incorporate modern practice. 

The book also covers much other new 
material, plus the invaluable data that has al-
ways made the ARRL handbook a necessity 
in every ham shack. Now, moreover, it ap-
pears that a new handbook every three or 
four years isn't enough. The 1969 edition is 
a new book; even if you have a '68 copy, 
you'll want it. $4 from the American Radio 
Relay League, 225 Main Street, Newington, 
Connecticut 06111, or try your local dis-
tributor. 
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a second look ky 

One of the more worthwhile amateur radio 
projects J have heard about recently is the 
John W. Gore Memorial Scholarship spon-
sored by the Foundation for Amateur Radio. 
The scholarship for 1969 consists of a $500 
award for either graduate or under graduate 
study. 

Licensed radio amateurs who intend to 
make their career in electronics or related 
sciences may request a scholarship applica-
tion. To be eligible, applicants must have 
completed one year of an accredited pro-
gram at an accredited college or university 
leading to a bachelor's or higher degree. 
They must also hold a valid FCC license of at 
least General class. Although preference will 
be given to applications from the area served 
by the Foundation for Amateur Radio—the 
District of Columbia, Maryland and Virginia, 
those living elsewhere are not excluded. 

Scholarship applications should be com-
pleted and mailed not later than August 15, 
1969, and should be sent to the Chairman, 
Scholarship Commitee, Foundation for Ama-
teur Radio, Inc., 449 Greenwich Parkway, 
N.W., Washington, D. C. 20007. The recipient 
of the scholarship award will be announced 
on September 1st. 

The Foundation for Amateur Radio, Inc. is 
a non-profit organization devoted to the ad-
vancement of amateur radio and is composed 
of trustees representing over 20 radio clubs 
in the District of Columbia, Maryland and 
Virginia. John W. Gore, W3PRL, in whose 
honor the scholarship is named, was, until 
his death in 1960, the president of the Foun-
dation. 

bonadio antenna 
The article on the Bonadio antennas pub-

lished in the April issue has received every-
thing from brickbats to bouquets. One irate 
reader wrote in to say that, "Antennas and 

other equipment items are subject to mea-
surements and reason; their operation must 
be explained and tested within the realm of 
physics—not metaphysics." More enthusiastic 
readers were unhappy when complete con-
struction details didn't appear in the next 
issue—one amateur even had the support 
poles ordered for the space-dimension an-
tenna. 

Initial response to the Bonadio antennas 
has been for the most part emotional and 
the letters I have seen have contributed little 
to their understanding. Whether they work 
or not, I don't know, but W2WLR claims that 
they do. He has been trying for nearly 15 
years to get something into print—now that 
it's in print, let's have some controlled ex-
periments to determine if these antennas have 
any merit or whether the performance he is 
getting is a result of his particular location. 
Amateurs seriously interested in constructing 
one of these antennas can obtain more de-
tailed constructional information from either 
W2WLR or myself. 

An antenna that is apparently related to the 
Bonadio antennas was used with early Eng-
lish radar systems, type TRU. The TRU an-
tenna consisted of two half-wave radiators, 
arranged in a cross configuration similar to the 
Bonadio square-diagonal arrangement, and 
fed through a Helmholtz coil. According to 
W0KWL they were able to track small bom-
bers over 350 miles away without mechani-
cally rotating the elements; frequency of 
operation was about 30 MHz. If any of you 
have more information on the TRU system— 
and particularly the unusual antenna—I 
would like to hear more details. The system 
is probably declassified by now, so perhaps 
someone even has an instruction manual 
they'd be willing to loan to me. 

Jim Fisk, W1DTY 
Editor 
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The Yagi parasitic beam antenna con-
sists of a driven element plus a number of 
parasitic elements that increase the gain 
or directivity of the radiation pattern over 
that of a dipole antenna.1 The number 
of parasitic elements, their tuning, and 
their spacing with respect to the driven 
element determine the characteristics of 
the array. 

Generally speaking, the Yagi provides 
the greatest gain per unit size of any an-
tenna array. Under normal circumstances, 
the more the elements, the greater the 
gain and the sharper the pattern of the 
Yagi. But as the number of elements in-
creases, the more restricted will be the 
bandwidth of this popular antenna. 

This bandwidth restriction, increasingly 
critical with respect to antenna gain, is of 
minor importance in the high-frequency 
bands, which are narrow, and where the 
Yagi is of modest size. However, antenna 
bandwidth becomes of paramount impor-
tance in the wider amateur bands where 
Yagi arrays are larger with respect to 
wavelength. 

equiangular antenna concept 
The restricted bandwidth of the Yagi 

beam may be improved by abandoning 
the parasitic element approach and ap-
plying instead equiangular principles. The 
equiangular principle deals with the de-
sign and assembly of frequency indepen-
dent radiators. It is based on the unique 
idea that if the shape of an antenna can 
be specified entirely by angles, antenna 
performance would be independent of fre-
quency.2 

Practically speaking, this means that if 
all the dimensions of a radiator are 
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scaled by a constant factor, the physical 

size of the antenna may be changed with-

out changing any of its electrical char-

acteristics, provided its operating wave-

length is changed by the same amount. 

fig. 1. Equiangular spiral antenna is symmet-
rical about foedpoint F and Is described in 
terms of angle 0 and radius r from polar axis. 

A simple two-dimensional, equiangular 

spiral antenna that conforms to this re-

quirement is shown in fig. 1. 

To be truly independent of frequency, 

the equiangular spiral antenna would 

have to start at an infinitely small point 

and expand to infinity. Practically, the an-

tenna must have a feed point of finite 

dimension at the center and must have 

outer limits, as it cannot be infinite in 

size. Thus the frequency coverage of the 

structure is finite and is defined by physi-

cal, not electrical limitations. 

Within the frequency limits imposed by 

these practical considerations, the equian-

gular spiral antenna resembles a fre-

quency independent structure. This comes 

about because the transmission line is 

equivalent to the missing center portion 

of the structure, and the truncated outer 

portion does not affect the electrical prop-

erties to any significant degree. Most of 

the energy is radiated before it reaches 

the end of the structure if the antenna is 

large compared to the size of the radio 

wave. 

the log-periodic antenna 
The equiangular spiral antenna has lim-

ited use and exhibits little power gain 

over a dipole. A modification of the equi-

angular spiral antenna that provides pow-

er gain and directivity is shown in fig. 2 

wherein a planar structure is repeated 

periodically with respect to the logarithm 

of the frequency.3 A n antenna array of 

this configuration has characteristics that 

change with frequency, but before the 

change is very great in terms of wave-

length, the structure repeals itself. A com-

bination of the equiangular approach 

with ihe concept of periodicity results in a 

fig. 2. Periodic planar antenna. Struc-
tures may be bent back upon themselves 
to form a three-dimensional array. 
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fig. 3. Log-periodic dipole antennas. In 
A successive dipoles are fed out of 
phase to produce beam pattern at apex 
of array; the frequency limits of the 
array are determined by lengths L1 and 
L2. The log-periodic vee antenna in B 
is composed of cross-connected ele-
ments whose length may be either O.S or 
1.5 x depending on frequency. V-shape 
reduces side lobes at higher-frequency 
operating mode; this configuration pro-
vides improved bandwidth over the sim-
ple LPD shown in A. 

practical antenna with directivity and power 
gain and which has a bandwidth limited only 
by the antenna's physical size. 

Various forms of the log-periodic an-
tenna have been designed for specific 
uses. One of the most popular designs is 
the log-periodic dipole (LPD) array. The 
LPD antenna consists of a series of di-
poles fed at the center and connected to 
the opposite wires of a balanced trans-
mission line (fig. 3). The dipole lengths are 
consecutively shorter, and radio energy 
travels along the transmission line until 
it reaches a portion of the dipole struc-
ture where the length of the dipoles and 
their phase relationship combine to pro-
duce radiation. 

The radiation is directed along the ar-
ray toward the apex, so that the shorter 

elements either tend to act as directors or, 
if very short, are inactive. The LPD ar-
ray can be fed at the apex with a bal-
anced line, or with a balun and coaxial 
line. The antenna performs over a fre-
quency span with limits defined by fre-
quencies at which the extreme elements 
of the configuration are about one-half 
wavelength long. Antennas of this general 
type are commonly used for tv reception 
and are often used for amateur work at 
vhf.4 

frequency limitations of the yagi 
The Yagi parasitic beam functions as a 

directional antenna having power gain by 
virtue of the proper phasing of the para-
sitic elements. For high-frequency Yagi 
beams commonly used in amateur bands, 
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the parasitic elements are spaced from 
the radiator by 0.15 to 0.25 wavelength 
and are about five percent longer or short-
er than a half-wavelength, depending up-
on the function of the parasitic and the 
array spacing. Directivity is through the 
shortest parasitic element. 

The number of parasitic elements also 
enters into the determination of optimum 
parasitic length, power gain, directivity, 
and bandwidth. Needless to say, as the 
operating frequency of the Yagi array is 
varied from the design frequency by a few 
percent, the parasitic elements become de-
tuned from optimum, and over-all anten-
na gain drops sharply, especially when 

fig. 4. Log-periodic Yagi performance is a result of 
parasitic elements serving dual function of director 
adjacent larger and smaller Yagi arrays. 

the parasitic elements become self-reso-
nant. In some instances, depending on 
parasitic element tuning, the directional 
radiation pattern is obscured, or even re-
versed, with maximum gain occurring in 
the reverse direction of the array. 

Antenna power gain and beam direc-
tivity degeneration commonly occur when 
the parasitic element tuning is incorrect. 
Thus, the frequency span of the Yaf̂ : an-
tenna must be restricted to that narrow 
region over which the parasitic elements 
remain in proper phase relationship. To 
increase the bandwidth of the Yagi, the 

parasitic elements must be detuned from 
optimum, which decreases power gain and 
reduces front-to-back ratio. The gain-
bandwidth product of the Yagi must there-
fore be sacrificed to some extent to ob-
tain an increase in either factor. In any 
case, the product is small but is a critical 
factor of adjustment. To increase the 
bandwidth without a corresponding de-
crease in gain, log-periodic principles may 
be applied to the Yagi antenna. 

the log-periodic yagi 
A log-periodic Yagi (LPY) array may be 

constructed of individual Yagi antennas 
differing in size by a geometric constant, 

properly arranged and 
fed. A simple LPY an-
tenna is shown in fig. 4. 
The LPY is made of a 
series of end-fire Yagis, 
with each driven ele-
ment fed from a com-
mon balanced transmis-
sion line. Unlike the 
driven element in an 
LPD antenna, those of 
the LPY are fed in a non-
transposed manner. The 
in-between elements are 
parasitics, and log-peri-
odic performance is ob-
tained by making each 
parasitic element serve 
the dual function of di-
rector and reflector for 
the adjacent larger and 
smaller driven elements. 

Practical LPY antennas with power 
gains of about 9 dB have been built for 
the 1.1- to 1.25-GHz range.5 Over-all length 
of the LPY antenna is large for the gain 
produced, especially considering the high 
power gain per Yagi array normally ob-
tained for a given size. 

the bandpass antenna 
An interesting and practical variation 

of the basic LPY antenna is the LPY band-
pass array, which provides greater power 
gain per unit length. This unique antenna 
makes use of a log-periodic dipole struc-

FEEO POINT 
-O 

Yagi arrays with 
and reflector for 
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ture having the frequency characteristic of 
a Chebyschev-type filter. A number of 
parasitic director elements, trimmed to 
cover the appropriate frequency range are 
used to enhance the power gain of the 
log-periodic array. A frequency sweep of 
such an antenna designed for the six-
meter band is shown in the photograph. 
The LPY bandpass antenna is easy to 
build, simple to adjust, and provides good 
power gain considering the over-all length 
of the structure. The original LPY band-
pass design was evolved for long-distance 
color-tv reception, which demanded a 
combination of good passband character-
istics, high gain, and good adjacent chan-
nel discrimination. The LPY bandpass an-
tenna combines these attributes, and vari-
ous versions of this antenna are now used 
for tv and amateur two and six meter 
band operation. They are commercially 
available.* 

An effective six-meter band LPY band-
pass antenna is shown in fig. 5 and the 

Gain-vs-frequency characteristic 
of the six-meter LPY antenna. 

photo. It's composed of five log-periodic 
elements and three parasitic directors. The 
antenna has been in use for some months 
at K6RIL and at other California six-

• LPY bandpass antennas were originally designed 
by Oliver Swan and are for sale by Swan Antenna Com-
pany, 6-t6 North Union Street, Stockton, California 
95205. 

meter stations. Results compare favorably 
with an eight-element Yagi on a thirty-
foot boom. Gain is estimated at 12 dB 
or better; front-to-back ratio is apparent-
ly about 24 dB. The design range is 50 
to 52 MHz. 

Response on reception is down about 20 
dB at 47 and 53 MHz. It provides some 
receiver protection from spill-over from 
nearby channel-2 tv transmitters, because 

photo by W0BUR 

Oliver Swan with a wideband 12-element 
400 to 450 MHz antenna at the West Coast 
VHF Conference antenna-measuring con-
test; gain measured at approximately 7.5 
dB. 

antenna response is down a comfortable 
number of decibels at frequencies higher 
than 54 MHz. Antenna response is down 
20 dB at 45 degrees either side of center 
at 51 MHz. This is representative of the 
pattern over the antenna's operational 
range. 

Input impedance is about 75 ohms. The 
antenna can be fed with a 70-ohm coax 
line {RG-11A/U) and a balun, or a match-
ing device can be placed at (he antenna 
apex for use with a 50-ohm coax line or 
high-impedance balanced line. The line at 
K6RIL is 75-ohm heavy-duty tv ribbon. 

construction 
The commercial version of this antenna 

is built on a double boom, much in the 
manner of heavy-duty tv antennas (see 
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fig. 5. The LPY bandpass antenna. Dimensions (in inches) are for 6 meters (50 to 52 MHz) although they may 
be scaled for other frequency ranges. Elements are supported above a 2-inch aluminum boom. Half lengths are 
given for the log-periodic elements and full lengths for the parasitic elements. 

photograph). A simpler configuration for 
those wishing to build their own array 
would be the use of sections of 2-inch 
aluminum tubing for the boom, as shown 
in fig. 5. The driven elements are sup-
ported at the center on insulating blocks, 
and the parasitic elements are mounted 
directly to the metal boom. Since a sim-
ple log-periodic structure is used with no 
interspersed parasitics, the driven ele-
ments are cross-connected with aluminum 
clothesline wire. The last driven element 
to the rear is shunted with a six-inch loop 
of wire at the end of the transposed feed-
line. 

A balanced feedpoint exists at the front 
of the log-periodic assembly, and a balun 
or matching device may be mounted at 
this point. The array is supported from 
the vertical mast structure at the array's 
center of gravity. An overhead support to 
each end of the boom is recommended. 

operation 
The LPY bandpass antenna has been in 

operation at K6RIL for some months and 
is used in conjunction with an eight-ele-

ment Yagi on a thirty-foot boom, mounted 
on a nearby tower. Numerous tests on 
transmission and reception have shown 
that the two antennas are nearly identi-
cal in performance as far as gain and 
front-to-back ratio are concerned, within the 
bandpass of the Yagi antenna. Operation 
of the LPY bandpass antenna at the ex-
tremes of the passband shows superior 
performance compared to the Yagi. The 
LPY bandpass array will be the "anten-
na to watch" on two and six meters in 
the coming months. 
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of transistors 
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A casual inspection of current amateur radio 

publications reveals an interesting fact: the 
huge rack-and-panel stations of fifteen or 
twenty years ago are gone. In their place are 
complete radio stations that occupy just 
about the same volume as a 1950 commu-
nications receiver. Today is the era of the 
transceiver, which is hard to beat for com-
pactness and real operating convenience. 

The transceiver described in these pages 
resulted from a desire for a good portable 
station for trips, hunting expeditions and 
contest work. A rather unorthodox circuit is 
used. The usual multiple-heterodyne circuits 
are eliminated together with their elaborate 
shielding systems. "Straight-through" trans-
mitter circuits are featured, and the received 
signal is immediately converted to audio fre-
quencies. The design objectives were: 

1. Operation on the 40- and 80-meter cw 
bands. 

2. Electronic and mechanical ruggedness. 

3. Simplicity; a single vfo for receiver and 
transmitter. 

4. Operation for at least twelve hours on a 
single 12-vo(t auto battery. The receiver must 
operate from a dry battery if necessary. 

5. Power inputs from ten to thirty watts, 
preferably higher; but with good efficiency. 
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design considerations 
Meeting these objectives isn't easy, es-

pecially if you're restricted by time arid eco-
nomic considerations. The problem was 
solved by using inexpensive bipolar transis-
tors and junction fet's in all circuits except 
the transmitter driver and output stages. In 
these stages the old reliable 12AU6 and 1(>25 
were used, This may seem to be a throwback 

would be difficult to achieve efficient opera-
tion at 10 and 75 watts input; also, the risk 
of transistor burnout would be present when 
tired operators weren't careful in tuning up 
or in making sure the antenna still existed. 
The delicate nature of rf power transistors is 
widely noted in the literature. 

This article is intended to present the ama-
teur community with some new ideas and to 

MIXER MIXER MIXER 

AUDIO 
AMPLIFIER 

PHASE SHIFT 

fig. 1. Block diagram of the CW transceiver for 40 and 80 meters. 

to 1945, but it proved to be an excellent: 
choice. The 1625 is practically indestructi-
ble, draws only 450 mA heater current, is 
inexpensive, and works well with low plate 
voltages. Also, with no modification, a high-
er plate voltage on the 1625 tube allows up 
to 75 watts input if energy consumption is 
not important. 

On the other hand, rf power transistors 
for 40 meters are costly, were not imme-
diately available, and would require more 
than 12 volts, so that no saving in power 
supplies would be obtained. Furthermore, it 

stimulate the application of ingenuity and 
effort. 

results 
The block diagram of fig. 1 shows the re-

ceiver as simply a trf circuit with a product 
detector.1 The same vfo and frequency mul-
tipliers are used for both transmitter and re-
ceiver. For receiving, all that's needed is an 
audio amplifier, which is easily constructed 
with transistors. Audio filtering at 800 Hz 
provides selectivity. The audio image is sup-
pressed by a phasing system that reduces 
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bandwidth and provides single-signal recep-
tion. The undesired sideband remains at least 
10 dB down (calculated) at 1600 and 400 Hz. 

The transmit-receive function is accom-
plished by a toggle switch in the interest of 
simplicity. Cathode keying is used, and tran-
sistor buffering removes high voltage and 
current from the key. An audio oscillator is 
used for a transmitting monitor. 

the receiving section 
The receiver is shown in figs. 2 through 7. 

Only a small amount of rf amplification is 
needed at these frequencies, and most of the 

Tuning of these tanks is fairly critical. C1, a 

front panel control, must be repeaked at 

least every 50 kHz (during receive only) for 

optimum results. The circuits tune from 3 

to 7.5 MHz. 

the vfo 
The vfo (fig. 4) consists of a jfet oscilla-

tor, Q8, and buffer, Q9, in a Hartley circuit 
operating between 1.75 and 1.85 MHz. No 
heat is present near the oscillator tank, so 
the vfo is extremely stable. The rugged con-
struction of L3 and C2 provides good me-
chanical stability. 

T P r-R SWITCH 

o 

rh rn rh rh rh 

C1 Dual 140-pF variable (Hammarlund L1, L2 
HFD-140) 

37 (urns no. 27 enamelled, close wound 
on a Millan 69046 slug-tuned form; 3-
turn link 

fig. 2. The rf amplifier uses a cascade circuit with an fet followed by a common-base buffer. 

signal processing and amplification is done 
at audio frequencies. 

Since it is difficult to control the gain of 
transistor stages while maintaining optimum 
intermodulation characteristics, the rf-gain 
control, R l , is a simple attenuator in the 
antenna circuit. The cascode rf amplifier 
uses an N-channel junction fet, Q1, fol-
lowed by a common-base buffer stage, Q2. 
Both input and output tanks, L1, C1 and L2, 
are high-Q tuned circuits. High Q, is very 
important here, since this is the only place 
where unwanted strong signals are rejected 
and cross-modulation effects minimized. 

In the receive position of the t-r switch, 
S i , air trimmer C3 is inserted into the tank 
section by reed relay K1. Alternatively, K2 
selects trimmer C4 during transmit. These 
trimmers provide receiver offset (incremen-
tal tuning). Incremental tuning is required 
after calling C Q or during a contact, because 
any tuning with the main tuning capacitor, 
C2, will also change transmitter frequency. 

exciters 
Two plug-in jfet exciters are used, one per 

band for 80 and 40. (See fig. 5 and 6.) These 

provide transmitter drive voltage and the 
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±4.I)-tl(>i;ree phase shift for the vfo signal 
during receive. The driver output, Q10 or 
Q12, is fed to the 12AU6 grid and to RC 
phase-shift networks, C6, C7, R2, R3; or C 9, 
CIO, R4. R5, which yield two 80- or 40-mrfcr 
voltages 90 degrees out of phase. Tuned cir 

rials are preamplified by Q13, Q14, Q15 and 
QH). One channel has a +45-degree phase 
shift at 800 Hz provided by C11'and R8; the 
other has a —45-degree phase shift provided 
!>y R9 and C12. The result is a second 90-
drgreo phase shift difference added to the 

fig, 3. Series mix-
er stages for the re-
ceiver section. Inter-
action between mixers 
is limited by the low-
impedance source-fol-
lower buffer stage in 
fig. 2. 
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07 
umoz 

>00 PHASE -2 

Q RF INPUT 

FROM EXCITER 

cuit L4 or L5 ensures the proper harmonic of 
the vfo. 

A jfet source follower buffer, Q3, provides 
a low-impedance source and prevents inter 
action between the series mixers. The 
same rf signal is mixed with each of the vfo 
outputs, yielding two audio signals 90-de-
grees out of phase at 800 Hz. The audio sig 

quadrature audio signals. The phased audio 
signals are summed in amplifier Q17-Q18, 
and one sideband is cancelled. Prior to sum-
ming, the signals are adjusted to identical 
amplitudes by balance control R7. 

Depending on the way the rf and audio 
phasings are compounded either upper or 
lower sideband may be selected for single-
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on Milieu 69058 form, slug-tuned; link is type 424) 
25 .urn< no. 36 

fig. 5. Plug-in exciter unit for 80 meters. 

s ignal reception. T h e unit currently tunes 

above ze ro beat. 

T h e aud i o s ignal is ampl i f ied in an opera -

tional amplif ier, w i t h a br idged-T selective 

filter at 800 Hz in the feedback loop. Gain 

is h i gh t h r ough the amplif ier on l y at the fil-

I C4 
'. i-tepF 

PISTON TRIMMER 

ZOO 
NPO 

C3 j ^ ^js 22 

10 

zoo 
NPO 

ne 
^ ^ f * » * 
' f r.9 

rh rh rh rh rh rh rh 

C2 100-pF double-bearing variable 

C3 Hammarlund APC-35 with all but three 
stator and three rotor plates removed 

C4 18-pF piston trimmers (JFD VC32GWY) 

C5 50-pF variable (APC-50-screw adjust-
ment only) 

L3 24 turns no. 24 enamelled on 1 1/4" 
diameter form, wound to occupy 1 1/4" 
with 7-turn link of no. 24 enamelled 
interwound at ground end of main coil 

fig. 4. The vfo uses a Hartley circuit that tunes from 1.75 to 1.85 MHz. 
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C8, C9, C10 150-pF double mica padders (El Monco 
type 424) 

L5 30 turns no. 36 enamelled close wound 
on Millen 69058 form, slug-tuned; link is 
10 turns no. 36 

fig. 6. Plug-in exciter for 40 meters. 

ter frequency (fig. 7). Selectivity is adequate 

for cw, and sufficient skirt response makes 

tuning uncritical. The receiver is blanked 

during transmissions by shunt gate Q19, 

which is across the gain control, R6. 

Operational amplifier Q23, Q25, Q26, Q27 

and Q28 provides power amplification. A 

transformerless complementary oulput stage 

is provided by Q26 and Q27. The circuit is 

conventional except for the fet constant-

current source composed of Q 2 8 and Q29. 

This circuit provides adequate drive to Q27 

during negative-signal excursions, while min-

imizing the current drain on Q25 during 

positive signal excursions. 

Either the received signal or the sidetone 

oscillator output of Q37 is fed to Q23 base, 

which is the summing input. The output 

stage will drive loads as low as eight ohms, 

although a higher impedance is preferable. 

A 25-ohm speaker is normally used, but high 

impedance headphones can be substituted. 

The only remaining receiver circuit is a 

9-volt regulator for stable vfo and rf opera-

lion, fig. 8. The reference is the reverse-

biased, base-emitter junction of Q30 acting 

in the breakdown mode. The regulator is a 

feedback type using difference amplifier 

Q31-Q32 to drive a series regulator, Q33. 

transmitter section 
The transmitter is conventional (fig. 9). 

The exciters, which are the same units used 

for receiving, provide frequency multiplica-

The 80- and 40-meter transceiver. 
Plug-in exciter units are on top. 

july 1969 19 



tion and drive for straight-through operation 
of the driver and final amplifier tubes. The 
12AU6 provides more drive with fewer stages 
than could be obtained with transistors. 
Drive is controlled by a potentiometer in the 
12AU6 screen grid. The final grid tank tunes 
3.5 to 7.5 M H z without switching. The final 
is capacitance-bridge neutralized. Its pi-net-
work output tank will match a wide range of 
input impedances. The taps and capacitors, 
switched by S2, will match high or low tube 
impedances to reasonably flat coax. 

keyer, monitor and t-r switch 
Both tubes are keyed simultaneously by 

Q34, Q35 and Q36. Cathode keying elimi-
nates the standby current drain of the 
12AU6. For the 12AU6, an ordinary transistor 
(Q36) that can take more than 50 volts at 
low current is used as a keyer; an inexpen-
sive RCA 40327 (Q35) is used for the final 
keyer. The 1625 cathode contains a shaping 
circuit composed of C16, C17, D17, R12, 
R13 and R14. The diode-resistor network 
prevents the capacitors from discharging too 
rapidly through the transistor on "make." 
The keying wave shape on "break" is affect-
ed by the 12AU6 cathode bypass capacitor. 
A conventional metering circuit is used to 
measure final cathode current. 

Audio oscillator Q37 provides a sidetone 
for monitoring. This is a simple unijunction 
relaxation oscillator powered from the same 
transistor (Q34) that gates and provides cur-
rent to cathode switches Q36 and Q35. 

The t-r switch is a dpdt toggle switch. One 
contact transfers the antenna; the other se-
lects the proper vfo shift relay and supplies 
the keyer with power during transmit. 

power supply 
The power supply shown in fig. 10 is the 

one used for fixed station operation. It is pre-
sented in the interest of completeness, but 
of course, any conventional supply could be 
used that delivers the voltages shown. Sur-
plus transformers can be used, and the di-
odes are available from many surplus sources 
listed in the amateur literature. The values 
for all components were chosen with con-
servative ratings to ensure reliability for por-
table use. 

construction 
Circuit layout isn't critical, although good 

construction practice should be followed to 
ensure stable and reliable operation. Parts 
substitution is recommended, and a well-
stocked junk box would be an asset. 

The transceiver was built into the case and 
chassis of an old National FB7 receiver be-
cause it was available and was the right size 
(8-inches high x 12-inches deep x 12-inches 
wide). It happened to contain an excellent 
160-meter vfo built by Earle Lewis, W3JKX. 
In fact, the vfo was used exactly as it was with 
the exception of a 6SJ7, which was replaced 
by jfet's Q 8 and Q9. A few resistors were 
changed, and the supply voltages were ad-
justed for the transistors. 

Side view showing the pi-network con-
trols. Grid tuning and drive level con-
trols are on the other side. 

There were plenty of holes to mount cir-
cuit boards and controls. Most of the transis-
tor circuits were built on printed circuit 
cards containing a matrix of rectangular 
pads, but tie strips or made-to-order printed 
circuits could be used. The exciters are built 
in 3'/4-inch x 2-inch x 1'/2-inch miniboxes 
fitted with chassis-mounting octal plugs. 

controls 
The front panel controls are main tuning, 

which is the original receiver dial with a 
linear logging scale; receiver incremental 
tuning; rf and af gain controls; t-r switch; 
and a final-amplifier cathode-current meter 
(200 mA full scale). Other less-used controls 
are located where convenienl. The set-and-
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fig. 7. Audio section includas a summing amplif ier, blanker gate, 800-Hz 
fi lter and audio power stage. R7, a 10-turn pot, should be grounded. 
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forget neutralization capacitor, C21, is above 
the torpedo-mounted 1625. The rf plug-in 
exciters are accessible through the top lid. 
O n one side of the cabinet are the final grid 
tuning, C15, and drive-level control, R11. On 
the other side of the case are the final amp-
lifier pi-network components, C18, 17, S2 
and C19. The audio output, key jacks, and 
antenna connector are on the rear wall. 
Power is brought in by an eight-wire cable 
terminated with an octal male connector. 

As we said before, construction is not 
critical as long as good layout procedure is 
followed. A few noteworthy points are in 
order though. The receiver 12-vo!t supply 
and the transmitter filament grounds are fed 

tuned to another frequency. Any good hand-
book will give values for a bridged-T net-
work. Sidetone volume can be changed by 
adjusting R16 (fig. 7); higher values will re-
duce audio level. Sidetone frequency can be 
changed by varying C20, R17 or both (fig. 
9). 

receiver section adjustment 
You'll need an auxiliary receiver to cali-

brate and adjust the transceiver. With ap-
plication of receiver voltage only, the vfo 
can be set by adjusting C15 while monitor-
ing the signal on another receiver. Only a 
logging scale is used, so desired bandspread 
is ensured by choice of vfo tank LC ratio. 

through separate wires. This keeps tube fila-
ment currents and corresponding IR drops 
from appearing as modulation on the re-
ceiver supply. During ac operation, this volt-
age may cause hum. 

Physical layout of the phase-shift net-
works should be symmetrical to provide 
identical electrical operation. Also, short rf 
and ground leads are essential. 

Transistor circuits should be isolated from 
the final amplifier tank. In the unit shown, 
the t-r switch is on the front panel, but is 
enclosed in an aluminum box for isolation. 
The reed relays are mounted next to the vfo 
tank circuit. Short leads of heavy wire are 
used for mechanical and electrical stability. 

audio and sidetone frequencies 
If you don't particularly like an 800-Hz 

note, filter C13, R10, C I 4 and R15 can be 

The tf section must be peaked to the de-
sired band after the exciter is plugged in. 
This is done by setting C I and varying L1-
L2 for maximum received signal. Signals on 
both bands are peaked by setting C I and 
varying L1-L2. L4 (3.5 MHz) and L5 (7 MHz) 
should be tuned for maximum signal. 

After setting main tuning capacitor C2 on 
the high side of a received signal to obtain 
an 800-Hz note, or at the audio frequency 
peaked by the audio filter, the signal is 
peaked by carefully setting C6-C7 on 3.5 
MHz and C9-C10 on 7 MHz. The phasing is 
now approximately correct, but the audio 
channel gains must be equalized by adjusting 
balance control R7. The receiver is now 
tuned to the same beat frequency on the 
undesired sideband, and R7 is adjusted until 
the best null is obtained, which should also 
correspond to a good'signal on the proper 
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sideband. Finally, C6-C7 or C9-C10 may be 
ret rimmed for greatest null depth on the un-
desired sideband. 

The final part of the receiver adjustment is 
the frequency offset. Incremental tuning con-
trol C3 should be set near midrange. While 
listening to the vfo on a receiver, C4 is ad-
justed for no change in vfo frequency when 
switching 51 from receive to transmit. This 
means that the receiver ai.d transmitter are 
in zero beat. Incremental tuning is provided 
with a numbered knob. 

After the offset is set to zero beat and the 
position of C3 recorded, C3 is set to receive 

Internal layout of the transceiver. 
Power amplifier and pi network are 
in the rear; vfo end plug-in exciter 
are to the front. 

a note of approximately 800 Hz on the prop-
er (high) side of zero beat as determined by 
peak-audio response. This normal setting is 
recorded for future reference and will be dif-
ferent for each band, while the zero offset 
point will be the same. 

transmitter section adjustment 
The first step is to neutralize the ampli-

fier, using C21, according to the procedure 
outlined in the ARRL handbook. 

Fig. 9 can be used for setting the pi-net-

work lap positions. After moving the t-r 
switch to transmit, the sidetone note should 
be audible when the key is closed, even 
with no high voltages. With plate and screen 
voltages present, cathode current should also 
flow when the key is closed. 

Advance the drive control, R11, to maxi-
mum. Set C15 near maximum capacity for 
80 meters and near minimum capacity for 
40 meters. Quickly dip the final using C18, 
with C19 at maximum capacity. Load the fi-
nal to 50 mA cathode current (with 750 volts 
on the plate), then back off on the drive, 
R11, until an increase in plate current is just 
barely noticed. Tune the final grid for mini-
mum plate current. The final may now be 
loaded to the input power desired. 

operation 
It was a pleasant surprise to find that in 

no case did any transistor stage react un-
favorably to the full 75 watts input. With full 
input the vfo remains exactly on frequency, 
and the transistor keying stages don't latch 
up. In fact the rig is now used with no 
ground, a random-length antenna is fed 
through an LC tuner, and performance is 
unaffected. 

During transmit the vfo determines the 
frequency, but in receive the frequency may 
also be changed by the incremental tuning 
control, C3. When answering or calling sta-
tions the received signal is peaked at an 
800 Hz note, while the offset tuning is set at 
the predetermined "normal" point. 

Since C3 and C4 have been adjusted for 
an 800 Hz offset between received and trans-
mitted frequencies, you can be reasonably 
sure of being in zero beat with the desired 
station. Precise zero beat is obtained by ad-
justing the receiver offset tuning to the pre-
determined zero offset point where the re-
ceived and transmitted frequencies coincide. 
Zeroing the received signal with the vfo then 
ensures zero beat. The offset tuning may 
then be adjusted for the best signal, which 
should be at about the normal setting. 

After contact is made, the receiver should 
be tuned with the offset control, C3, be-
cause changing the main tuning will change 
transmitter frequency. 
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TO AUDIO 
SECTION 

TV BLANKER 
SATE 

C15 

C18 

C19 

L6 

140-pF air variable (Hammarlund MC 
140) 

325-pF air variable (Hammarlund MC 
325) 

dual 365-pF (broadcast receiver type) 

27 turns no. 25 enamelled close wound 
on 3/4" diameter form 

L7 30 turns B&W 3019, tapped at 11 turns 
(A) and 19 turns (tap B-C) from plate 
end of coil 

K1, K2 Miniature reed relay, 200-ohm coil 
(Wheelock 3421) 

51 dpdt toggle 

52 6-position, 2-pole, rotary ceramic switch 

fig. 9. Transmitter driver, final and keyer circuits. Switch S2 different ranges of antenna and vacuum-tube im-
pedance: A, 40 meters, low tube impedance; B, 40 meters, high tube impedance; C , 80 meters, low tube im-
pedance; D and E, 80 meters, high tube impedance. 

progress report 
The transceiver has been operating since 

June, 1968. During the ARRL field day con-
test, nearly 300 contacts were made, includ-
ing some with the West Coast, using 10 
watts input. 

At present, K30I0 is using the transceiver 
as a permanent station. It runs 50 watts in-
put and feeds a 100-foot wire antenna with 
excellent results. Much D X is heard and 

worked; the best to date is Europe on 80 
meters and Australia on 40. You can hear the 
rig on the 80-meter Eastern Pennsylvania 
Traffic Net. The transceiver is ideal for this 
purpose because it's ready to go with no 
warm up. 

improvements 
Among the improvements that would be 

desirable are break-in operation and in-
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fig. 10. Fixed-station power supply which is suitable for this transceiver. Trans-
former T1 is an old tv power transformer; T2 is a 12-vott filament transformer. 

creased selectivity and sensitivity. Also, 
cross-modulation could be reduced by op-
timizing the circuits. The mixers should have 
good intermodulation characteristics, since 
any beats between adjacent strong signals 
in the rf passband wi l l appear in the audio 
output. Also appearing in the audio output 
wi l l be modulation on signals strong enough 
to cause significant variation of mixer oper-
ating point due to a l imited dynamic range. 

The receiver is less tolerant in this respect 
than a superheterodyne, since many beats 
generated by nonlinearity in the first mixer 
of the latter wi l l fall outside the i-f passband. 
The best arrangement would appear to be a 
balanced mixer in which device nonlineari-
ties tend lo cancel and dynamic range is in-
creased. In addition, an increase in local-
oscillator drive amplitude would be helpful. 
Such measures might be necessary, for exam-

ple, if the transceiver were to be used in a 
field-day setup with adjacent 80- and 75-
meter stations. 

ssb operation 
The receiver does a good job on single 

sideband. However, sideband suppression 
for transmitting would require a wideband 
audio phase-shift network. The audio-fre-
quency amplifiers and wideband network 
could be switched between transmitter and 
receiver sections. Wi th this and linear opera-
tion of the final amplifier, the transceiver 
could be used on single sideband. Anyone 
interested in this challenging project is in-
vited to suggest ideas. 

reference 
1. White, "Balanced Detector in a TRF Receiver," 
QST, May, 1961. 
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direct methods 
for measuring 

antenna gain 

How to obtain 

meaningful data 

using simple 

equipment 

For the amateur interested in top station per-
formance on any band, antenna refinement 
definitely produces the most rewarding re-
turn per unit of effort and expense. 

Only in the antenna system, which in-
cludes the feedline and supporting structure 
as well as the radiator, can improvements 
increase performance for both transmitting 
and receiving. Unfortunately, however, the 
antenna system is usually the most neglected 
part of an amateur station. Performance tun-
ing, if done at all, is usually limited to ad-
justing the driven element length, sliding the 
clamps on the T match, or adjusting the 
gamma capacitor for the lowest standing 
wave ratio. Except for using the swr bridge, 
"antenna scope" impedance bridge or field-
strength meter, most amateurs seem content 
to leave antenna tuning to the manufacturers. 

The manufacturers can't build antennas to 
meet all performance demands. Commercial-
ly built antennas are designed for "average" 
installation conditions. All too often these 
just don't exist in most amateur installations. 
Most amateurs are plagued by poor soil con-
ductivity, height restrictions, nearby objects 
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and a host of other adverse conditions that 
affect antenna performance. These adverse 
effects can be reduced by tuning the an-
tenna system once you have some depend-
able quantitative data as a baseline for op-
timization. 

The degree of improvement by tuning is 
l imited with simple antennas. With the 
more elaborate arrays used above 14 MHz, 
it's possible to obtain performance increases 
up to 3 dB with small antennas. Improve-
ments of 7 to 8 dB are possible wi th larger 
arrays. 

The fol lowing paragraphs present simple 
methods tor measuring vhf antenna gain di-
rectly, with good accuracy. Once you know 
what your antenna is doing, you can make 

fig. 1. Test equipment for the 
attenuator/receiver method. 
The source antenna should be 
as high as possible, in the 
clear, and at least 2D wave-
lengths from the antenna un-
der test. 

the right adjustments to optimize perfor-
mance. A few examples are also given of 
some rather startling results obtained by 
amateurs who were introduced to these 
methods. 

direct measurements 
The average amateur can measure antenna 

gain with adequate precision using simple 
equipment. The measurement results are 
much more meaningful than, say, a mea-
sured standing-wave ratio of 1.02-to-1 on the 
transmission line. Al l this indicates is that 
the antenna is taking power. It may or may 
not be radiating in the desired direction or 
with the desired efficiency. 

Of the many methods of measuring an-
tenna gain, two are within the capability of 
the amateur. These are (a) the attenuator/ 
receiver method, and (b) the matched-de-
tector method. Both are comparison tests 

using a reference antenna and the antenna 
to be tested. Received signals provide the 
measurement data. 

These methods are more reliable and pro-
vide more repeatable data under varying site 
conditions than those using transmitted sig-
nal/field-strength meter or measured-pattern 
methods. 

attenuator/receiver method 
The attenuator/receiver method is block 

diagrammed in fig. 1. Basically, the system 
uses an accurate attenuator combined with 
the station receiving system. The signal-
source output should be as low as possible 
and still provide a usable signal at the re-
ceiver S-meter when the reference antenna 

REFERENCE 
ANTENNA TEST ANTENNA 

is connected. For most situations 100 mW 
is adequate. The source should be stable and 
free of spurious outputs. 

procedure 
Set up the source antenna in the clear at 

least 20 wavelengths from the test antenna. 
A nearby amateur's tower, flag pole or tv 
mast is a good support. Turn on the source, 
and adjust the attenuator for a reference lev-
el on the receiver (anywhere between S-6 
and S-9 will do). Record the number of dB 
used on the attenuator to obtain the refer-
ence value on the S meter. Switch to the test 
antenna, and peak the antenna for maximum 
signal. Adjust the attenuator for the same S-
meter reading obtained with the reference 
antenna. Record the new attenuator reading. 
The difference between attenuator readings 
is the amount of gain (or loss) between the 
two antennas. 

SOURCE ANTENNA 

7T 7 

UNMODULATED 
30 - 100 mW 

SIGNAL SOURCE 

<* AT LEA ST 20X » 
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Repeat the process several times, moving 
the reference antenna for an average level. 
Note that some variation is introduced by 
moving the reference antenna. This can be 
reduced by using a directional source antenna 
to reduce ground reflection contributions to 
the received signal (discussed later). In addi-
tion, the source antenna should be moved 
between several different sites at varying dis-
tances. Several measurements should be made 
at each site. The resultant gain figure should 
be the average of at least six readings. 

Note also that feedline losses are included 
in these measurements. If known, they can 
be added to the measured antenna gain to 
get the actual gain of the antenna. Although 
less impressive, the measured figure is a 
more practical value, especially above 50 
MHz where feedline loss contributions are 
significant. 

The attenuator/receiver method will give 
accuracies on the order of ± 1 dB. It's lim-
ited by the accuracy and resolution of the 
attenuators, but is probably the most appli-
cable method for amateur work. 

matched detector method 
The matched detector method is very pop-

ular with the West-Coast vhf crew. It re-
quires more sophisticated equipment, but 
gives greater resolution and quicker readout. 
The absolute accuracy is still limited by the 
reference antenna performance due to re-
flections. The averaging procedure should be 
used here also if absolute gain figures are 
desired. 

Either a high (1-W) or low (10-mW) source 
signal, modulated with a 1-kHz audio lone is 
used (fig. 2). The type of source determines 
the detector type. A crystal diode detector 
similar to a Telonic XD-series, or a home-
brew equivalent1, will give a square-law out-
put at low input levels. This is ideal for the 
vswr meter readout. 

procedure 
The vswr meter is a 1-kHz, sharply tuned, 

gain-stable, low-noise audio amplifier driv-
ing an rms ac vtvm. The 1-kHz modulation 
is delected and amplified. This signal drives 
the meter, which is calibrated directly in 
dB. By adjusting the vswr meter gain range 

(0-60 dB in 10-dB steps), a reference level 
can be obtained with the reference antenna. 
The test antenna is then connected to the 
detector, and the gain increase (or decrease) 
noted. 

Although the initial cost is high ($200), 
the vswr meter is available in surplus outlets 

KSJYO's extended 32-elemont 
collinear provides 15 dB gain. 

for approximately $40 to $60 for the earlier 
Hewlett-Packard HP-415 series. Others by 
PRD and General Radio are also available. 

If the source power is too high, the crystal 
diode detector will be driven out of the non-
linear, square-law portion of its curve. The 
resultant output will deviate, and the vswr 
meter reading will be high. This can be pre-
vented by: 

1. Keeping the source power output very 
low. 

2. Inserting a calibrated attenuator (3 to 6 
dB) ahead of the detector mount (fig. 2). 

3. Using the vswr meter with a wider range 
detector called a bolometer (thermistor! 
mount. Although not as sensitive, the bolom-
eter mount provides good results when used 
with sources of 1 to 2 watts output. 
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the reference antenna 
No study of antenna gain measurement 

would be complete without a word on ref-
erence antennas. Classically, the isotropic 
radiator is a point source that illuminates all 
points equally on the inside surface of a 
sphere. It is used as the reference antenna 

reference dipole readings under different site 
condilions. Recently, highly accurate stan-
dard reference antennas have been designed 
and employed by the National Bureau of 
Standards (NBS) and some amateurs, among 
them VV6VSV and W6HPH. Basically a sim-
ple directional array designed for low side-

fig. 2. Setup for the 
matched detector meth-
od. A bolometer is used 
in (A). An easily con-
structed diode detector 
substitute for the bolom-
eter is shown irt (B). The 
3-dB pad will improve 
the match between de-
tector and antenna, es-
pecially at uhf. 

SOURCE ANTENNA 
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o 
in nearly all theoretical work. However, it's 
not possible to produce such an antenna, so 
the matched 1/2-wave dipole2 is used as a 
reference antenna. 

The dipole has a disadvantage. Because of 
its broad pattern, it's extremely sensitive to 
ground effects and to near-field reflections 
from the signal source. These reflections add 
or detract from the desired free-space signal 
and produce an output that varies from the 
ideal (average) value. 

nbs standard reference antenna 
Absolute accuracy of measurements de-

pends on the accuracy of the reference di-
pole. Hence it is important to average the 

lobe content and high front-to-back ratio, 
the NBS standard antenna has a gain of 7.7 
dB over a reference dipole, measured under 
laboratory conditions in an anechoic cham-
ber. 

The measurement repeatability is on the 
order of ±0.1 dB or better. The NBS stan-
dard antenna is used in a manner identical 
to that of the reference dipole, but there is 
less variation due to reflections. Also, one 
must remember to add the 7.7 dB reference-
antenna gain figure to those from the vswr 
meter with the test antenna in the line. For 
example, if the test antenna measures 2.3 dB 
when the reference antenna measures 0 dB, 
the anlenna gain is 10 dB. 
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results 
These techniques are regularly employed 

by top vhf-uhf amateurs to obtain the most 

from homebrew and commercial arrays. In 

the past few years, antenna contests at ham-

fests have become popular proving grounds 

where new winning combinations have been 

discovered. A case in point is the reawak-

ened popularity of the Yagi antenna al 432 

M H z . It has resulted from careful optimiza-

tion of several scaled-down designs that 

didn't work at all (or poorly at best). Another 

case is the 1 to 2 dB gain increase from 

adding directors to collinear arrays—a meth-

od now adopted by at least one manufac-

turer. 

The accuracy of the results is amazing. M y 

own 32-element, 432-MHz array measured 

15 dB at the West-Coast Uhf Conference in 

Fresno and 16.2 dB at the Hughes Radio 

Club contest in Fullerton (after some match-

ing deficiencies were discovered). 

A s for the repeatability of results from site-

to-site, tests of the popular 6-foot boom 

"T i l ton" Yagi at 432 M H z resulted in con-

sistent measurements yielding 12 to 13 dB 

in contests from Missouri to California. 

W 5 0 R H ' s twin bi-square beam measured 8.0 

dB at three different sites using three differ-

ent test methods. These examples are excep-

tions. Typically, however, results haven't var-

ied more than ± 2 dB when good equip-

ment and normal care were used in making 

the measurements. 

W6FZJ and hit 13.3-dB 1236-MHz array. 

WA6KKK and WB6MGZ aim 18.6-dB 1296-MHz di.h. 

WBMMU's big horn for 432—11.7 dB. 

KBMYC ' s 12-elomont 432-MHz quad gava 7.9 dB. 
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K7lCW's 30-eloment Yagi for 1296 MHi yielded -2.5 dB! 

VK3ATN, W1DTY, K6JY0 
and WSDOR discuss some 
of the intricacies of an-
tennas for 432 MHz white 
attending the antenna mea-
suring contest held at the 
West Coast VHF Confer-
ence In Fresno. 

photos by W6BUR 

some surprises 
At one contest several owners of suppos-

edly high-gain commercial arrays really had 
their eyes opened. One 432-MHz Yagi, with 
a manufacturer's claim of "over 17 dB for-
ward gain," measured negative 2 dB off the 
front and +6 dB off the back. Cutting the 
antenna in half got about +8 dB forward 
gain. 

Another homebrew 13-element Yagi from 
a popular vhf handbook measured +1.9 dB 
gain over a dipole. (The owner had sub-
stituted a wooden boom for the original 
metal boom and hadn't reduced the element 
lengths to compensate. Trimming the ele-

ments and matching the feed brought the 
gain up to 12.3 dB—not a bad increase.) 

It should be obvious that antenna gain 
measurement is worlhwhile for the amateur. 
From my experience, it gets results we all de-
sire: better reports and more consistent con-
tacts. 

reference 
1. Fred W. Brown, W6HPH, "The Matched Detector," 
VHF'er, June, 1965. 
2. Loren Parks, K7AAD, "The Reference Dipole," 
VHF'er, April, 1965. 
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the crystal oscillator 

This complete summary 

of solid-state devices 

as crystal oscillators 

will enhance your 

reference file 
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In a previous article,1 I discussed the gen-
eral nature of crystal oscillators using 
tubes, transistors and field-effect tran-
sistors (fet's). Since 1966, when that article 
was written, a great deal has happened 
in the semiconductor industry that might 
affect your choice of an active device for 
use in a crystal oscillator. In the follow-
ing paragraphs, I've considered all the 
solid-state devices available at reason-
able cost that can be used in crystal os-
cillator service. 

A brief review of their application in 
conventional circuits is first presented. 
This is followed by an extensive treatment 
of these units as used in modified versions 
of the basic circuits. I've also given some 
recommendations for certain precautions 
and design considerations that should be 
used. If you're solid-state oriented, this ar-
ticle will be invaluable as a reference 
source the next time you consider a crystal 
oscillator design. 

Prices have dropped, and performance 
has increased significantly on n-channel 
junction fet's, insulated gate fet's, digital 
integrated circuits and linear integrated 
circuits. The price reductions appear to be 
due mainly to lower-cost plastic packag-
ing and the acceptance of these devices by 
large commercial makers of computers 
and television sets. The lower costs and 
the increased performance are just what 
the doctor ordered for amateur applica-
tions. 
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0 © 
fig. 1. The four basic oscillator circuits: Colpitis 
(A), Hartley (B), tuned plate-tuned grid (C) and 
tickler-feedback (0). 

basic circuiis 
Four forms of the vacuum-tube oscillator 

are generally used in amateur designs. 
These are the Colpitis, Hartley, tuned-
plate-tuned-grid and tickler-feedback cir-
cuits, as shown in fig. 1. They can all be 
modified to incorporate a crystal, as 

fig. 2, Descendants of the oscillator* in fig. 1 using 
crystals tor frecjoency control. In <ha Pierce (A) Cpk 
and Cgk replace C and C3 of flg. 1(A). Serlet-mode 
crystal is used in Ilia Hartley circuit (8). Tha Millar 
oscillator (C) Is a version of the tptg, In (0) a series-
mode crystal Is used in a tickler-feedback oscillator. 
Blocking capacitors are denoted by *. 

shown in fig, 2, Note that some of these 
circuits use the crystal as a series-resonant 
circuit, and others as an inductance. A 
single crystal can present either of these 
characteristics, as shown in fig. 3; but 
you must account for the fact that each 
occurs at a different frequency. This is one 
reason for the various "CR" specifications; 
some crystals are cut for series-resonant 
and some for near parallel-resonant oper-
ation. A listing of military CR specifica-
tions is given in table 1. 

modified forms 
One of the most successful of the vac-

uum-tube circuits, for use with series-res-
onant crystals, is shown in fig. 4, the 
Butler oscillator. It's similar to that in fig. 

m 

0 

m rh fh 

m rn 
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fig. 3. Series and parallel resonance im-
pedance characteristics of a crystal. 

CRYSTAL EQUIVALENT CIRCUIT 
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1A, except that an impedance-lowering 
cathode-follower has been added, so that 
the low impedances of the series-resonant 
crystal and cathode of V x can be more 
easily driven. 

Two other types of crystal oscillators 
somewhat familiar to hams are the nega-
tive-resistance oscillator, as exemplified by 
the transitron and dynatron oscillators us-
ing tubes, and the tunnel-diode oscillator 
of the solid-state world. The general nega-
tive-resistance crystal oscillator is shown 

in fig. 5, and the transitron and dynatron 
in fig. 6. Two tunnel-diode crystal oscilla-
tors are shown in fig. 7. 

From fig. 5 it might seem that the ob-
vious way to build a tunnel-diode crystal 
oscillator is as shown in fig. 7A. This is 

fig. 4. The Butler oscillator—a modified Colpitts for 
use with series-mode crystals. 

Bt 
o 

£ 

fig. 5. Negative-
resistance, or two-
terminal oscillator. 

NEGATIVE 
RESISTANCE 

fig. 6. Transitron (A) and dynatron (B) crystal oscillators. Blacking capacitors denoted by *. 

r b A T 

"A 

• RFC r h 

rh rh o rh o 
a+ 

july 1969 Qgj 35 



nominal 
frequency frequency load 

crystal unit, military range tolerance capacitance mode of 

(military) holders (kHz) ( ± percent) resonance (pF) operation 

CR-1(A)/AR HC-11 or 12/U 2,000-15,000 0.02 Parallel 35.0 ± 0.5 Fundamental 

CR-2/U FT-241A, HC-17/U 200 0.009 Parallel 125.0 Fundamental 

FT-241A, HC-17/U 500 0.010 Parallel 64.0 m Fundamental 

CR-3/U FT-241A, HC-17/U 300-600 0.02 Parallel — Fundamental 

CR-4/U FT-241A, HC-17/U 500-1,200 0.02 Parallel — Fundamental 

CR-5/U FT-241 2,000-10,000 0.02 Parallel 25.0 ± 0.5 Fundamental 

CR-6/U FT-243 2,000-10,000 0.02 Parallel 12.0 Fundamental 

CR-7/U HC-14/U 3,750-10,000 0.004 Parallel 28.0 ± 0.5 Fundamental 

CR-8/U FT-243 1,000-10,000 0.02 Series _ Fundamental 

CR-9/U HC-10/U 15,000-50,000 0.01 Series — Overtone 

CR-10/U FT-243 5,000 0.005 Parallel 25.0 Fundamental 

CR-12/U FT-243 2,000-10,000 0.02 Parallel 32.0 Fundamental 

CR-13 FT-243 455 0.02 Series _ Fundamental 

CR-13/U FT-243 5,250 0.02 Series — Fundamental 

CR-14/U FT-243 2,000-10,000 0.01 Parallel 32.0 Fundamental 

CR-15/U HC-5/U 80-200 0.01 Parallel 32.0 ± 0.5 Fundamental 
CR-16/U HC-5/U 80-200 0.01 Series — Fundamental 
CR-17/U HC-10/U 15,000-50,000 0.005 Series — Overtone 
CR-18/U HC-6/U 800-16,000 0.005 Parallel 32.D ± 0.5 Fundamental 
CR-19/U HC-6/U 800-20,000 0.005 Series — Fundamental 

CR-23/U HC-6/U 10,000-75,000 0.005 Series — Overtone 
CR-24/U HC-10/U 15,000-50,000 0.005 Series — Overtone 
CR-25/U HC-6/U 200-500 0.01 Series — Fundamental 
CR-26/U HC-6/U 200-500 0.002 Series — Fundamental 
CR-27/U HC-6/U 800-15,000 0.002 Parallel 32.0 ± 0.5 Fundamental 

CR-28/U HC-6/U 800-20,000 0.002 Series Fundamental 
CR-29/U HC-5/U 80-200 0.002 Parallel 32.0 ± 0.5 Fundamental 
CR-30/U HC-5/U 80-200 0.002 Series — Fundamental 
CR-31/U HC-6/U 1,000-10,000 0.005 Parallel 12.0 Fundamental 
CR-32/U HC-6/U 10,000-75,000 0.002 Series — Overtone 

table 1. Specifications for military crystals. 

s imilar to o n e s h o w n in reference 2. W h i l e 

it may be poss ib le to make such a circuit 

work , if just the right rf c h o k e can be 

found, I had no luck w i th it. The circuit 

oscillates, but the crystal has no effect 

other than that of its ho lde r capacity o n 

the f requency. Instead of osci l lat ing at the 

crystal f requency, the circuit oscillates at 

the series-resonant f requency of the rf 

c hoke a n d the d i ode equiva lent capacity. 

A m o r e satisfactory crystal oscil lator 

can be bui lt as s h o w n in fig. 7B.3 A t the 

crystal 's series resonant point, the two re-

sistors are effectively in parallel (because 

the crystal is a " s h o r t " be tween them). 

The two resistors must be smaller than the 

abso lute magn i tude of the tunne l -d iode 

negative resistance yet large c o m p a r e d to 

the equiva lent series resistance (at series 

resonance) of the crystal. A l so , L and C 

are the s ame impedance as the resistors. 

That is, at 8775 kHz , L equals + j 5 1 o h m s 

a n d C equals — j 5 1 ohms . 

S ince the equiva lent series resistance at 

series resonance is so important to tunnel -

d i ode crystal oscil lators (and to many 

others as well), the resistances of different 

crystals for var ious frequencies must be 

k n o w n for g o o d des ign. Such a listing is 

s h o w n in table 2. No te that these figures 

were taken f rom o n e manufacturer ' s data 

sheets; resistances of other manufacturer ' s 

crystals will vary f rom these somewhat . 

Nevertheless, the table prov ides a " ba l l -

p a r k " figure u p o n w h i c h des i gn can be 

started. 
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nominal 
frequency frequency load 

crystal unit, military range tolerance capacitance mode of 
(military) holders (kHz) (•± percent) resonance (pF) operation 

CR-33/U HC-6/U 10,000-25,000 0.005 Parallel 32.0 ± 0.5 Overtone 
CR-35/U HC-6/U 800-20,000 0.002 Series — Fundamental 
CR-36/U HC-6/U 800-15,000 0.002 Parallel 32.0 ± 0.5 Fundamental 
CR-37/U HC-13/U 90-250 0.02 Parallel 20,0 — 0.5 Fundamental 
CR-38/U HC-13/U 16-100 0.012 Parallel 20.0 ± 0.5 Fundamental 

CR-39/U HC-15/U 160-330 0.004 Series — Fundamental 
CR-40/U HC-15/U 160-330 0.003 Series _ Fundamental 
CR-42/U HC-13/U 90-250 0.003 Parallel 32.0 ± 0.5 Fundamental 
CR-43/U HC-16/U 80-860 0.035 Parallel 45.0 ± 1.0 Fundamental 
CR-44/U HC-6/U 15,000-20,000 0.002 Parallel 32.0 ± 0.5 Fundamental 

CR-45/U HC-6/U 455 0.02 Series — Fundamental 
CR-46/U HC-6/U 200-500 0.01 Parallel 20.0 ± 0.5 Fundamental 
CR-47/U HC-6/U 200-500 0.002 Parallel 20.0 ± 0.5 Fundamental 
CR-48/U HC-6/U 800-3,000 0.0075 Parallel 32.0 ± 0.5 Fundamental 
CR-49/U HC-6/U 800-3,000 0.0075 Parallel 32.0 ± 0.5 Fundamental 

CR-50/U HC-13/U 16-100 0.012 Series — Fundamental 
CR-51/U HC-6/U 10,000-61,000 0.005 Series — Overtone 

(Pressure) 
CR-52/U HC-6/U 10,000-61,000 0.005 Series — Overtone 

(Plated) 
CR-53/U HC-6/U 50,000-87,000 0.005 Series — Overtone 

(Pressure) 
CR-54/U HC-6/U 50,000-87,000 0.005 Series — Overtone 

(Plated) 

CR-5S/U HC-18/U 17,000-61,000 0.005 Series — Overtone 
CR-56/U HC-18/U 50,000-87,000 0.005 Series — Overtone 
CR-57/U HC-6/U 500 0.001 Parallel 32.0 ± 0.5 Fundamental 
CR-58/U HC-17/U 3,000-20,000 0.005 Parallel 32.0 ± 0.5 Fundamental 
CR-59/U HC-18/U 50,000-91,000 0.002 Series — Overtone 

CR-60/U HC-18/U 7,000-20,000 0.005 Series — Overtone 
CR-61/U HC-18/U 17,000-61,000 0.002 Series — Overtone 

the multivibrator 
The multivibrator crystal oscillator didn't 

really tome into its own until the advent 
of bipolar transistors, although it has been 
built using tubes. It is simply an astable 
multivibrator with one of its coupling ca-
pacitors replaced by a crystal (or with a 
crystal and series-tuning capacitor). Fig. 8 
is representative of such an oscillator. This 
circuit was used as a one-megahertz crys-
tal calibrator in vhf receivers.4 

The multivibrator crystal oscillator isn't 
particularly noteworthy as shown (built 
with discrete components), but it's the ba-
sis for most of the crystal oscillators using 
digital integrated circuits. 

The main use of multivibrator-type crys-
tal oscillators has been for frequencies be-

fig. 7. Tunnel-
diode oscillators. 
Circuit at (A) is 
riot recommended 
because of criti-
cal adjustment of 
rfc. 
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table 2. Series-resonant 
different frequencies. 

resistances of crystals (or 

Reevas-
Hoffman 

type 
Frequency 

(kHz) 

Series-
resonant 

Resistance 
(ohms) Remarks 

J element 1 150,000 +5° X cut 

J element 2 75,000 +5° X cut 

J element 4 36,000 +5° X cut 

J element 8 30,000 +5 " X cut 

J element 12 15,000 +5° X cut 

N element 20 9,000 NT cut 

N element 50 10,000 NT cut 

E element 100 1,800 +5° X cut 

D element 200 950 Y cut 

C element 500 1,000 Y cut 

A element 1 X 10s 300 AT cut 
(fundamental) 

A element 3 X 103 65 AT cut 
(fundamental) 

A element 6.5 X 10s 15 AT cut 
(fundamental) 

A element 1.15 X10 4 12 AT cut 
(fundamental) 

A element 2.08 X 10* 8 AT cut 
(3rd overtone) 

A element 4.04 X 10* 35 AT cut 
(3rd overtone) 

low 100 kHz , where it's impractical to 

prov ide large inductors for convent ional 

oscillators. 

The lower impedances presented by the 

bipolar transistor make it difficult to use 

in crystal oscillators that use parallel-

resonant crystals. However , for use wi th 

series-resonant crystals, the bipolar transis-

tor is just great. Fig. 10 s hows h o w series-

m o d e crystals and b ipolar transistors can 

be used to take advantage of the c o m -

patible impedances of each. 

Note also in the circuits of fig. 10 that 

a 6.8-/1H inductor is p laced in parallel 

with the 2 6 - M H z crystal. Th i s inductor 

forms a parallel-resonant circuit wi th the 

holder capacitance of the crystal. Look -

ing at table 1, the CR24/U has a ho lder 

capacitance of 7 pF. A t 26 M H z , approx i -

mately 6 /*H resonates 7 pF, so the closest 

fig. 9. Pierce oscilla-
tor using a bipolar 
transistor—not rec-
ommended (see text). 
Blocking capacitor 
denoted by *. 

m m r n 

using bipolar transistors 
The translation of tube-type crystal o s -

cillators to solid-state circuits must be ap-

p roached with s o m e caution. T o o often a 

bipolar transistor s ymbo l is just d rawn in 

place of a tr iode tube symbo l . Th i s sort of 

" e n g i n e e r i n g " has resulted in circuits like 

that of fig. 9, wh i ch sometimes oscillate. 

A bipolar transistor is quite unlike a 

v a c u u m tube; a current into the base con -

trols the collector current in the transistor. 

In a tube, a voltage o n the grid controls 

the plate current. A s a result of these dif-

ferent behaviors, the base of a c o m m o n -

emitter b ipolar transistor has a m u c h 

lower input impedance than the grid of a 

g rounded-ca thode vacuum tube. 

fig. 8. Multivibrator crystal 
oscillator. The HEP 1's can be 
replaced with 2N1204's. 

-3V 
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standard inductor (6.8 /tH) in the Miller 
9330 series was used. 

Balancing the holder capacitance in this 
way acts as a simple form of mode filter, 

fig. 10. Seri«c-mocle crystal oscillators using a bi-
polar transistor—Colpitts (A), Hartley (B) and tickler-
feedback (C) . 
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assuring that the crystal oscillates as 
marked. I found this simple method to be 
adequate even with seventh-mode over-
tone crystals in the 170-MHz range. The 
method can be applied to nearly any 
crystal oscillator where the crystal is to be 
operated in the series mode. However, the 
addition of a series-blocking capacitor 
may be necessary (since the crystal may 
have blocked dc in the original circuit). 

fet crystal oscillators 
These devices, on the other hand, are 

quite similar to tubes because the gate 
voltage controls drain current in the com-
mon-source connection. So almost any 
vacuum-tube crystal oscillator finds its di-
rect equivalent in an fet circuit. Two are 
illustrated in fig. 11. Notice that both use 
junction fet's. This was done because the 
diode junction between gate and source 
conducts (like the grid and cathode of a 
tube) when forward-biased, and allows 
"gate leak" action. If an insulated-gate 
field-effect transistor (igfet) is used, a sep-
arate diode is usually added across gate 
and source, as in fig. 12, 

Fig. 12 is an ultra-simple Pierce oscilla-
tor (a version of the Colpitts), which finds 
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its counterpart vacuum-tube circuit in fig. 
2A. It's useful for checking the general ac-
tivity of fundamental-mode crystals in the 
2- to 20-MHz range. Since fundamental-
mode crystals aren't usually cut above 20 
MHz, if a higher frequency rock is plugged 

in (say a 26-MHz, 3rd-mode) it won't os-
cillate as marked. One indication of os-
cillation in this circuit is a decrease in 
drain current, since the nonoscillating cir-
cuit draws l D g a until gate-leak action is 
established. 

+ ZOV Q 

CTC XB060-Tk 
(6l-l22tiH) T 

- t 
7T 

IMHl 
- f -

C2 < 
50 >IMCS 

10.01 iZZk 

• CI 
' lao 

rh rh rh rh rh 

tlOV Q 

CTC X2060-7M 
(SI-ltZiiH) I 

_,t A, 90 M IMHl 

rh 

iues 

|z2* 

rh rh m rh 

Q O 

fig. 11. Crystal oscillator* using n-channel Junction fet's. In (A) crystal performs as an inductor between drain 
and gate of the tet, with capacitive divider formed by C and C2. Circuit (B) is the Miller oscillator, which is 
useful with crystal having one terminal connected to the can (as in DC-9 octal style). 

rh 

fig. 12. Pierce circuit using n-channel igfet; useful 
with fundamental-mode crystals from 2 to 20 MHz. 

No circuits using p-channel fet's are 
shown (either junction or insulated-gate 
types) because rf types haven't become 
available at the low prices of the n-chan-
nel units. T h e germanium T I X M 1 2 w a s o n e 

of the exceptions (a p-channel JFET, good 
to over 100 MHz for $1.07), but it has been 
discontinued like the TIXM05 we all loved. 
If and when p-channe] fet's for rf become 
available again, the circuits of fig. 11 and 
12 can be used by reversing the supply-
voltage polarity (and reversing the diode 
in the circuit of fig. 12). 

There are, of course, a number of ways 
in which npn and pnp bipolar transistors 
can be combined with n-channel and p-
channel jfet's and igfet's to provide com-
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binat ion circuits. An example is shown in 
fig. 13, a Butler oscil lator using an npn 
bipolar transistor and an n-channel jfet. 

integrated circuits 
In recent years, one of the largest areas 

of growth in the semiconductor industry 
has been in integrated circuits. These can 
be used as crystal oscillators in a num-
ber of configurations. Digital IC's, wh ich 
are the least expensive units, can be made 
to funct ion as crystal oscillators of the 
mult iv ibrator- type. Figs. 1 4 through 17 
show the RTL, DTL, TTL, and ECL families 
as crystal oscillators. Resistor-transistor 
logic (RTL) is the least expensive family 
and has been widely used in amateur sys-
tems because of its low cost. It is relative-
ly slow, however, and the circuit of fig. 14 
can't be expected to work reliably at fre-
quencies higher than a few megahertz.0 

By using a pair of the higher-power /uL900 
buffers, osci l lat ion can be obtained up to 
about 8 MHz. 7 The circui t of fig. 1 5 ap-
parently operates at higher frequencies be-
cause of lower inherent resistances. 

A l though RTL is the least expensive, 
the prices of diode-transistor logic (DTL) 
and transistor-transistor logic (TTL) have 
been steadily decreasing, and they're now 
feasible for ham construction. A cost com-
parison of several quad-dual gates shows 
the price per gate to be w i th in reason 
(table 3). 

U • CTC XZ060-I WITH ALL BUT 4 TURNS REMOVED 

fig. 13. Butler oscillator using npn transistor and 
n-channel fat. 

01 

fig. 14. Crystal oscillator using resistor-transistor 
logic (RTL) integrated circuit. 

fig. 15. Using RTL buffers in a 
crystal oscillator circuit. 

f MHz 

1 " 
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tabla 3. Coit comparison of popular integrated 
circuits. 

Part Cost 
Logic Company Number Cost Per Gate 

RTL Motorola MC717P $1.08 $0.27 
DTL Motorola MC846P 1.65 .41% 
TTL Tl SN7480N 2.25 .56V< 
ECL Motorola MC1010P 1.80 .45 

A separate bias driver (MC354C or 
HEP554) is required with the MECL I series, 
but it's built in on the MECL II series. The 
cost per gate of MECL II, using the 
MC1010P (quad 2-input gate, at $1.80) is 
$0.45. This compares closely with DTL and 
TTL units. 

Fig. 16 shows how DTL and TTL units 
can be used as a crystal oscillator. Note 
that the same pin configuration and volt-
age are used for the two IC's.6 Also, since 
only two of the four gates are used, the 
others can be used as isolation stages or 
as another crystal oscillator. 

One word of caution about use of 
TTL's, however : the pins shown are only 
for the SN7400N. If you try the military 
version (SN7400 or SN5400), pin connec-
tions are quite different! 

IC IS SN7400N ITEXAS INSTRUMENTS) 
OR MCS4SP (MOTOROLA) 

fig. 16. Transistor-transistor logic 
(TTL) or diode-transistor logic (DTL) 
gates in a crystal oscillator. 

The emitter-coupled logic (ECL) family is 
the only one where the internal transistors 
aren't switched into and out of saturation. 
This feature makes ECL inherently fast, al-
lowing the MECL I series of Motorola to 
operate to 30 MHz, and the MECL II series 
to approach 100 MHz as crystal oscilla-
tors. Fig. 17 shows how an MECL I gate can 
be used as a simple 1-MHz oscillator.8 

Reference 9 covers in more detail the ECL 
at higher frequencies. 

fig. 17. Emitter-
coupled logic 
(ECL) gates used 
in a crystal oscilla-
tor. 

+ 6V o 
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the operational amplifier 
In linear IC's there is almost limitless 

variety, but one of the main building 
blocks is the direct-coupled differential 
amplifier. Two forms of this monolithic IC 
have become more or less standard in the 
semiconductor industry: the operational 
amplifier (like the Fairchild mA709 and its 
descendants) and the rf/i-f amplifier (the 
Fairchild /aA703 and similar units). Both 
can be used as crystal oscillators; the 
operational amplifier is limited to the 
lower frequencies. 

An operational amplifier used as an os-
cillator brings out many of the basic 
fundamentals of oscillator design. Because 
the operational amplifier is such a nearly 
ideal device, it affords ease of feedback 
design. Inverting and noninverting inputs 
are provided on most op-amps, both posi-
tive feedback (used to cause oscillation) 
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and negative feedback (used to reduce 
gain and stabilize output) can be selec-
tively used to produce exactly the oscilla-
tor design you desire. 

An example of an op-amp crystal oscil-
lator using both positive and negative 
feedback is shown in fig. 18. This circuit 
uses a nonlinear resistor in the negative 

fig. 18. Monolithic operational am-
plifier as a crystal oscillator. 

01 CTC X2060-6 
* 28 - S3mH 

fig. 19. The ; lA703 as a 3.525-MHz 
crystal oscillator. 

feedback resistive network to adjust the 
gain and thereby assure sinusoidal wave-
form. The technique is similar to that used 
in the Wien Bridge audio oscillator, and 
is covered in reference 1 0. 

A number of other linear integrated cir-
cuits have been used as crystal oscilla-
tors and are described in various applica-
tion notes.11 '12,13 The main impetus for the 
use of IC's in crystal oscillators has been 
in 3.58-MHz TV colorburst generators; so 
most of the circuits shown in these refer-
ences are for 3.58-MHz oscillators. 

You might ask what advantage these 
IC crystal oscillators have over those built 
from discrete components—if any. The an-
swer is that there's little advantage in us-
ing IC's in this way, unless you consider 
it avante-garde to have your piece of 
equipment "all IC." The IC does offer a 
rather large stable gain in one package, 
however, as evidenced by the large capac-
itive divider across the tuning coil. 
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Every time the six-meter skip comes in 
you're no doubt impressed by the rapidly 
increasing number of single sideband sta-
tions. "Maybe it's time to plan for that 
sideband rig," you think. Then you look at 
the price tags on the commercial outfits and 
decide, "Not yet." Even the kits are expen-
sive, and whipping one up from scratch is 
both expensive and complex. 

A much more attractive answer to a good 
sideband signal on six meters is a combined 
receiving and transmitting converter. If you 
have a low-band ssb transceiver, a grid-dip 
meter and a little homebrew experience, this 
can be a very happy solution to the problem. 

I went through these mental gymnastics 
for a couple of years before deciding to take 
soldering gun in hand and build the 6/40 
'verter. One of Mr. Heath's excellent Single-
Banders for forty meters was in the shack. I 
put together a conventional converter to 
shift the six-meter sideband signal down to 
forty. You've probably had some experience 
along this line and this is half the job. A 
somewhat similar converter was built along-
side to swing the forty-meter ssb signal from 
the transceiver up to six meters. A simple 
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power supply for both converters was added, 

and the job was done. Both converters use 

the same oscillator, so both the received 

and transmitted signals are on the same fre-

quency. Once tuned up, the transverter can 

be disregarded, and operation is with the 

transceiver only. 

Right about here you're probably saying, 

"It can't be that simple. The generation of 

ssb signals is complex, and homebrewing of 

such equipment just isn't for me." You're 

absolutely right. But, the difficult part has 

all been taken care of by those smart people 

at Benton Harbor. All we're talking about 

here is beating signals to produce hetero-

dynes, as in that ten-dollar table radio in the 

bedroom. The fact that one of the signals is 

modulated ssb instead of a-m doesn't change 

the operation. 

the circuit 
With this description in mind let's exam-

ine the schematic (fig. 1). Note that the top 

half, consisting of the 6CW4, 6EA8 and as-

sociated circuit is the familiar receiving con-

verter. The one used here isn't original— 

it's borrowed from "The Radio Handbook." 

It's a good one, but there's no reason to use 

this if you have a converter on hand or wish 

to buy a commercial unit. 

For transmitting, the conversion signal 

from the triode section of the 6EA8 is fed to 

a 6DJ8 cascode amplifier. The boosted rf is 

then inserted push-pull into the grids of a 

5894 serving as a mixer-final. The forty-

meter ssb signal from the Single-Bander is 

inserted at the screen grids of the 5894, and 

a six-meter, single-banded signal comes out. 

The 5894 dual tetrode is a relatively high-

power, easily driven tube that isn't exactly 

cheap, but it can be found in some of the 

bargain-priced tube lists. 

It does a beautiful job in this application, 

but maybe you have an 815 or 6360, or a 

couple of 2E26's you 'd like to use. A few 

component values would require changing, 

but these tubes would all work—at lower 

power. By the same token, there's no reason 

why you can't start with a twenty-meter 

signal and end up on two meters. The ap-

proach would be the same. It all depends on 

what you have to build with and where you 

want to operate. 

assembly 
Construction practices are standard for 

these frequencies. Good grounds, short 
leads, many bypasses and shielding are very 
important. The layout shown in the photos 
is compact, and it works, but it isn't neces-
sarily the last word. The receiving converter 
was built on a four- by six-inch sheet of 
flashing copper. Good rf grounds are no 
problem since many of the components can 
be soldered directly to the copper. 

The 6CW4 is a grounded-grid nuvistor rf 
amplifier. It's lightly coupled to the 6EA8 
mixer section via C1, which consists of two 
lengths of hook-up wire with about one inch 
of each parallel with the other, inserted from 
opposite sides through a hole in the shield 
between the two tubes. Coupling between 
oscillator and mixer portions of the 6EA8 is 
via the spacing of about 3/4 inch between 
L3 and L4. The coax input and output fit-
tings can be eliminated—they're a reminder 
of when this converter was used alone. 

The same crystal oscillator signal used for 
receiving is taken from the plate of the con-
verter portion of the 6EA8 via C4 to the 
first grid of the 6DJ8. Here it goes through 
two stages of amplification needed for the 
transmit conversion. The 6Dj8 output is in-
ductively coupled to the 5894 signal grids. 

A very low level forty-meter signal is re-
quired. This is achieved by dissipating most 
of the output in a dummy load. A sur-
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a 

C1 O.S pF gimmick (see text) 

C2 capacitive pickup between L3 and L4 

C3 15 pF butterfly 

LI 10 turns 8&W 3003, tapped 2Vi turns from 
ground end 

L3, L3 0.87 ^H (J. W. Miller 40A827CSI) 

L4 1.0 jtH (J. W. Miller 40A106CBI) 

LS, L6 Miller 41A000CBI wound full with no. 26 
enamelled; L16 tapped 15 turns from 
ground end 

L7 2.2 /^H (J. W. Miller 41A226CBI) 

fig. 1. Schematic diagram of the 6/40 'verter. 

L8 8 turns no. 28 enamelled on a V«" slug-
tuned form ( J . W. Miller 41AOOOCBI); link 
i t 2 turns of hookup wire on the cold end 

L9 9 turns B4W 3004, center tapped with 2 
turns of hookup wire around center 

L10 6 turns no. 12, 1-inch ID, spaced 1 wire 
diameter, with 2-turn insulated loop at 
wider-spaced center 

L11 48 turns B&W 3004; link is 4 turns of hook-
up wire around cold end 

PS1, PS2 6 turns no. 18, spaced one wire diameter, 
on high-value, 2 W resistors 
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plus three-pole, double throw dc relay 

switches the antenna circuit alternately 

through the receiving and transmitting con-

verter sections and turns on the final for 

transmit by grounding its cathode. Any sim-

ilar commercial relay will do this job, and 

by choosing a six-volt ac coil, the rectifier 

diodes and filter capacitors, which can be 

seen in one of the photos, can be elimi-

nated. The Single-Bander has an extra set of 

relay contacts that activate the transverter 

relay to make the switching automatic. 

The entire outfit, including power supply, 

fits neatly on a commercial 3x7x12-inch 

Top view showing the general layout with the 
receiving converter at the left on its copper 
plate, the transmitting converter in the center, 
and power supply on the right. 

chassis base. A hole was cut in the top at 

one end to accept the copper sheet of the 

receiving converter. The photos show the 

placement of the other components. Note 

that C3 is ungrounded. It mounts on a ver-

tical square of phenolic board to which the 

output winding of L10 is also attached. The 

parasitic chokes for the 5894 are soldered 

across loops in the copper straps connecting 

its plates to C3 and LlO. 

The power supply is conventional (fig. 2) 

It provides 500 Vdc at 300-plus mA for the 

5894 (which, incidentally, can be pushed 

much harder); 300-volts regulated for the 

6DJ8; and 150-volts regulated for the 6CW4 

and 6EA8. Signal stability is essential on sin-

gle sideband. This depends on your trans-

ceiver, but the voltage regulation provided 

here ensures against any frequency drift in 

the transverter. Capacitors C1 and C3 are 

mounted on insulated bases, and the cans 

are insulated to prevent accidental shock. 

appearance 
Finishing touches include a ventilated top 

cover, formed from sheet aluminum, and a 

ventilated bottom plate. The shielding is re-

quired for best results. A coat of spray paint 

and decal identification of controls will give 

a professional appearance. 

tuning up 
The forty-meter Single-Bander tunes only 

100 kHz—f rom 7.2 M H z to 7.3 MHz . Thus, 

a 42.9-MHz crystal will cover 50.1 to 50.2 

MHz . This is the portion of six meters where 

fig. 2. Power supply for the trans-
verter and relay switching arrange-
ment. Relay is a 6.3 Vac unit. 
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SILICON 

IA,t 
SILICON 

6CW4 GCU8 6USA 3694 
•o re lay-

Relay switching arrangement. 
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most ssb signals are heard. Crystals can be 

chosen, however, to put you anywhere you 

want in the band. 

Assuming you plan to operate 50.1-50.2 

MHz , a grid-dip meter can be used to reso-

nate L2 and L3 a little under, and a little 

over, 50.15 MHz. L4 is tuned to the crystal 

frequency; 7.25 M H z is brackelecJ with L5 

and L6. This should give a good, flat response 

across the 100 kHz used. When you get far 

enough along to copy signals over the air, 

these adjustments can be touched up to 

produce the best signal-to-noise ratio. 

L7, C5-L8, and C6-L9 are resonated to 

the crystal frequency. C7 is adjusted to 

peak L11 at 7.25 MHz . Adjust C3 and the 

spacing of L10 to 50.15 MHz . By making 

these adjustments to the center of the 100-

kHz segment of interest, it will be unneces-

sary to do any further tuning of the trans-

verter as you change frequency. 

on-the-air tests 
After checking and rechecking your work, 

you're ready for the smoke test. Connect 

your 6/40 'verier between your transceiver 

and your six-meter antenna. Turn on the 

power and listen for signals. Listen on the 

upper sideband, because stations on six are 

almost always on upper sideband and those 

on forty are on lower sideband. 

With the receiving converter working, ad-

just L4 for maximum using your dipper as an 

absorption wavemeter. Move to L8 and ad-

just L7 and C5 for a peak, which will be 

very much stronger. Touch up C6 for a high 

reading at L9. 

Now, with no forty-meter input, close the 

relay manually and adjust R1 for a plate 

current of 50 to 75 mA. Connect a dummy 

load in the transceiver output to reduce the 

forty-meter signal to one or two watts, and 

attach a dummy load to the transverter out-

put. Insert a power-output meter between 

transverter and dummy load. Interconnect 

the relays so the transceiver and transverter 

transmit together. Turn the transceiver to 

tune position to provide a carrier, and ad-

just C3 and C8 for maximum output. C7 

and R1 can be readjusted to peak the out-

put. During tune-up, the injected carrier 

level should be low enough to keep the 

5894 plate current under 200 mA. Don't let 
this tube run red. 

Return the transceiver tune control to 

transmit, and speak into the mike. The plate 

meter should kick on voice peaks to approxi-

mately 300 mA. This completes tune up, and 

you're ready for on-the-air tests. Listening 

tests will provide the best criteria of correct 

adjustment. Important: correct adjustment 

should occur when the least amount of ssb 

drive, as established with R1 and C7, pro-

duces the greatest output. The quality of 

your six-meter sideband signal should be as 

good as your forty-meter signal. Reports for 

the 6/40 'verter have been uniformly good. 

The ventilated cover improves appear-
ance and provides essential shielding 
and protection from accidental contact 
with the high voltage. 

a final note 
This probably shouldn't be your first con-

struction project, but you don't have to be 

an engineer to achieve good results. Single 

sideband isn't all that difficult when you do 

it the easy way. The idea is to proceed 

slowly, plan each step, and follow my in-

structions and suggestions. If you can solder 

and use simple shop tools, you can build 

the 6/40 'verier in a few week ends. 

ham radio 
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stub 
bandswitched 

antennas 

Two multiband 

verticals 

are described: 

a fixed-station antenna 

and a 

twinlead portable-
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One of the problems in designing vertical 

antennas is finding a simple bandswitch-

ing method. To decouple portions of the 

antenna for different bands, you can use 

(a) basemounted switched loading induc-

tors, or (b) traps. Each method has disad-

vantages. A remotely controlled switching 

system adds extra wiring and cost, and 

traps are difficult to build, adjust and 

mount. 

This article describes a simple and in-

expensive method of bandswitching using 

the principle of stub decoupling. I used it 

with two antennas: a portable multiband 

wire antenna and a fixed-installation vertical. 

The idea can be extended to many other an-

tennas as well. 

s stub switching 
A 33-foot vertical is shown in fig. 1A. 
This antenna would function as a quar-

ter-wave vertical on 40 meters. If a stub 

approximately 15Vj feet long were added, 

as shown in fig. 1B, tri-band operation 

would be possible. 

Operation on the various bands is as 

follows. On 40 meters, the stub is too short 

to have any effect, and the antenna per-

forms as a simple V4-wavelength vertical. 

On 20 meters, the 15'/2-foot stub is a quar-

ter wavelength long; the short circuit at 

the base of the stub is reflected as an 

open circuit at the high end of the stub. 

Thus the upper portion of the 33-foot verti-

cal is decoupled, and the antenna per-

forms as a V4-wavelength vertical on 20 

meters. 

On 15 meters, the 15V2-foot stub has no 

switching effect since it is neither 'A-wave-
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length or V2-wavelength long. The 33-foot 
section is active, and the antenna func-
tions as a 3/4-wavelength vertical. Such a 
length will present a low impedance at 
the antenna base to match a coaxial 
transmission line. 

There is some disadvantage to this an-
tenna length, however. It is slightly longer 
than the optimum length for maximum 
low-angle radiation. Therefore, some high-
angle radition will also occur on 15 
meters. 

Still another stub can be used to extend 
operation to 10 meters. This stub can be 
placed in a number of ways, but the most 
advantageous arrangement seems to be 
that shown in fig. 1C. An approximate 8-

35'0" 

IS'6" 

fig. 1. Various arrangements with a 33-foot 
vertical antenna. Simple vertical in A perform! 
on 40 and 15 meters. The 15Vi-foot stub in B 
adds 20-meter capability. Another stub, ap-
proximately 8 feet long, makes the vertical 
operational on all bands from 40 through 10 
meters. 

foot stub is placed about 8 feet from the 
base of the antenna. The stub acts as a 
phase reversal device to couple the lower 
8-foot section ('/< wavelength on 10 me-
ters) to the upper 16-foot section ('/J wave-
length on 10 meters) on the main an-
tenna. A collinear vertical array results as 
a consequence of the phase reversal. This 
keeps the antenna radiation at a low ver-
tical angle and produces a slight gain (1 
to 2 dB) over a simple V^-wavelength ver-
tical. The 15'/2-foot stub has no effect on 
10 meters since it is 'A-wavelength long 
and simply reflects a short circuit at its 

upper end. The 10-meter stub has no ef-
fect on operation on other bands. 

The over-all result is a 4-band antenna 
that performs as a 'A-wavelength vertical 
on 2 bands, a 3A-wavelength vertical on 
1 band, and a collinear array on the 
highest-frequency band. The dimensions of 
the antenna differ slightly from those of a 
basic Wwavele'ngth antenna, because the 
stubs affect the diameter-to-length ratio of 
the antenna on the various bands. Provi-
sion must be made during construction for 
adjusting the antenna element lengths and 
for initial stub placement in some cases. 

fixed vertical antenna construction 
J experimented first with a tri-band an-

tenna of the type shown in fig. 1B. A mul-
tisection telescoping aluminum element 
was used for the antenna section, which 
had a maximum diameter of V U inches. 
The stub was made of similar material 
but with fewer sections. Spacing between 
stub and antenna was determined by the 
type of insulating spacer used as shown 
in the photograph; about 4V2 inches be-
tween stub and main-element centers. 

Birnbach Company produces a series of 
pillar insulators that can be used for stub 
holders of almost any desired size. Their 
type 445H, for instance, is 3 inches long 
and 3A-inch in diameter. Both ends are 
threaded for 10-32 hardware. The holders 
on each end of the pillar insulator can 
be purchased or you can make your own. 

At the base of the antenna, the stub 
and main element ends are joined by a 
piece of Belden braid. The center conduc-
tor of the 50-ohm coax is connected to 
this braid and the shield of the coaxial 
cable to another braid, which connects 
two 6-foot ground rods spaced 3 feet 
apart, centered on the antenna base. I 
used only ground rods because the soil is 
fairly moist in the vicinity of the antenna. 
Dry locations will require a radial sys-
tem. The antenna is physically supported 
by a wooden post. There is nothing special 
about the construction, and almost any 
method for vertical antenna construction 
can be used. 
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Little adjustment is required for tri-band 
operation. With the antenna excited on 
40 meters, the main element length is ad-
justed for the lowest swr in the transmis-
sion line. A value of 1.5-to-1 or less should 
result. 

Switching to 20 meters, the stub is ad-
justed for the lowest swr. No significant 
interaction should occur between these ad-
justments unless you started with element 
lengths that were out of resonance. Once 
adjusted on 40 meters, the antenna should 
be properly tuned on 15 meters to a corn-

Pillar insulators are used between the 
stubs and the main antenna element. 

promise setting for coverage between 40-
and 15-meter band segments. 

If an addilional stub is added for IO-
meter coverage, the preceding adjust-
ments should be made before the stub is 
mounted. Then the stub should be placed 
about 8 feet from the base. With the an-
tenna excited on 10 meters, both stub lo-
cation and length should be varied slight-
ly until the lowest swr is achieved. 11 
would be useful to have another station 
or a field-strength meter a few wave-
lengths away to help indicate the stub lo-
cation for maximum signal. 

Finally, the antenna should be re-
checked on the other bands to ensure that 
no significant detuning has occurred. If so, 

a back-and-forth tuning procedure must be 
used until proper tuneup is achieved on all 
bands. 

twinlead stub antenna 
The basic simplicity of the multi-band 

vertical stub system produced the idea for 
a similar antenna made only of 300-ohm 
twinlead. The twinlead antenna was 
made for portable use as a multiband 
antenna that could be strung up and used 
without an antenna coupler. 

Since the twinlead provides only two 
conductors, a somewhat different stub was 
used (fig. 2). The conductors are connected 
together at the far end of the antenna, 
and one conductor is cut a little less than 
16 feet from the far end to form the 20-
meter stub. This stub is 'A-wavelength long 
on 20 meters and reflects an open circuit, 
so the lower portion acts as a 'A-wave-
lenglh antenna on 20 meiers. 

On 40 meters, the 20-meter stub adds 
some top loading, but essentially it's not 
active, and the unbroken conductor forms 
a 'A-wavelength antenna. A 20-meter stub 
can be added in the same manner as for 
the fixed-station vertical by using the re-
maining twin-lead conductor after form-
ing the 20-meter stub. On 15 meters the 
40-meter section is used as a 3A-wave-
length antenna. 

tuning up 
Because of the twinlead velocity factor 

and the nature of the stub arrangement, 
pruning this antenna is a bit more tedious 
than the fixed-station vertical. However, 
twinlead is inexpensive, and even if you 
foul up the tuning the first time around no 
great loss wil l result. In fact, experiment-
ing with the twinlead version is a good 
way to gain confidence in the basic an-
tenna operation before constructing a 
more expensive fixed-station version. 

As a first step in the tuning process, 
choose a 35-foot length of twinlead and 
leave the conductors at the far end dis-
connected. Connect one conductor to the 
transmission line and excite the antenna 
on 40 meters. Then cut the antenna (both 
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conductors) at the far end until the lowest 
swr is obtained. After this, connect the 
other conductor at the far end to the 40-
meter conductor element and cut about 
16 feet from the far end. 

Now switch back and forth between 40 
and 20 meters, and trim the total antenna 
length (always leaving the two conductors 
shorted together at the far end). Trim the 
20-meter stub to less than 16 feet from 
the far end. With care, lengths will be 
found that give a very low swr on both 

fig. 1. Construction of a stub-switched an-
tenna made 
from 300-ohm 

s h o r t 
twinlead; com-
plete tuneup 
procedure is 
outlined in the 
text. 300A TV 

TWINLEAD 

SHORT 

point between the two conductors can be 
found by pressing a pin through the di-
electric to short the conductors. Only after 
the proper point is found should a jumper 
be soldered between the conductors. A 
proper ground connection is just as necessary 
for effective use of the twinlead antenna as 
it is for the fixed-station vertical. 

summary 
The stub decoupling method for multi-

band antennas is an effective, no-com-
promise method of automatic antenna 
bandswitching. Some designs require care-
ful initial adjustments to establish initial 
dimensions, but the effort is well rewarded 
since no later maintenance work need be 
done. The basic idea of stub multiband 
operation can be used for any band where 
a suitable harmonic relationship exists. 

The twinlead version of the antenna 
suggests the possibility of combining two 
such sections to form a multiband dipole 
antenna or inverted vee. Although this has 
not yet been tried, it would seem to be an ex-
tremely simple way to build an inexpen-
sive multiband horizontal dipole for 40-10 
meter coverage. No traps are required, and 
the stub arrangement should allow opera-
tion over a wider portion of each band 
with lower swr than is possible with high-
Q traps. 

ham radio 
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bands. If triband operation only is de-
sired, the antenna can be operated as is. 
If 10-meter operation is also desired, cut 
the 20-meter stub side of the twinlead 
about 7 feet from the antenna base. Excite 
the antenna with ten-meter energy and 
try shorting positions between the upper 
portion and the 40-meter connector until 
minimum swr is obtained. Then cut the 
upper point of the 10-meter stub until a 
final swr minimum is attained. 

This procedure tends to mess up the 
twinlead unless done with care. When 
trimming a conductor, the dielectric should 
not be cut away entirely. The conductor 
should be separated from the dielectric 
and then cut. Also, the proper shorting 

. . 50 in a 35-mph zone. 
Besides that, you were QRMing my receiver." 
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glass 

semiconductors 
Several newspaper, technical and scientific 

reports have appeared since last July about 

a new solid-state technology called "ovon-

ics." Some of these reports suggest ovonics 

is a has-been before it ever arrived, and 

others say ovonics is a powerful new tech-

nology. I think we are going to hear a lot 

more about ovonics in the next few years, 

and possibly, eventually see ovonic I C s in 

communications gear. 

glass semiconductors 
The insulating properties of glass are well 

known. But not all "glasses" are glass, and 
glassy materials are apparently more orga-
nized in their structure than some recent re-
ports suggest. The key to understanding what 
ovonics is all about is in the special almost-
crystalline structure of glassy solids (see 
fig. 1). 

At the left you'll see what I 'll call a BS 
crystal; B for big atoms and S for small 
ones, in equal proportions. Now, looking at 
this we shortly observe that each B atom has 
four S atoms, and each S atom four B atoms, 
in its immediate vicinity. The entire assem-
bly is arranged in neat ranks like the 
squares along and across a chess board. 

At the right of fig. 1 is a BS glass. It 
looks quite disorganized, but if you start 
counting you will see that practically 
every B atom has four S neighbors, and 
every S atom has four B atoms, just as in 
the crystalline state. 

It turns out that the electronic behavior 
of semiconductors depends upon short-
range order, within a few interatomic N 
spacings of any given atom, and not up- ^ 
on long-range crystal-type order. If the BS ^ 
crystal is an intrinsic semiconductor (will -g 
work without p or n doping) then the BS 
glass could be one also and offer fewer 

manufacturing problems. This is the way 

things have worked out in glassy-state 

physics. 

For example, a glass laser rod three 

inches in diameter by four feet long does 

the same job as a crystal that would be 

nearly impossible to make. And once re-

searchers understood some glassy state 

theory, engineers were able to develop an 

electronic conducting glass that carries an 

electron current in much the same way as 

% % o o g ( p 6 o . o . 
CRYSTAL GLASSY 

fig. 1. Glassy-state structure resembles crystal 
structure in that a given atom has about the same 
neighboring atoms in either case. 

a piece of wire for use in image-orthicon 

tubes. Targets made of the new glass do 

not fail from electrolysis, so tube life is 

much better than earlier tubes using nat-

ural-glass structures. 

ovons: the new devices 
In 1962, Bell Telephone Labs constructed 

some simple glass semiconductor devices 
but they dropped this work in favor of the 
more familiar crystal physics semiconduc-
tors. This left the field open for Stanford 
Ovshinsky, who already had some strong 
patents and was working hard to improve 
the technology and build a company, 
Energy Conversion Devices. 
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Ovshirtsky called his new semiconduc-
tors "ovons/' and it seems likely this name 
will stick. While working hard, he has 
been very close-mouthed about his results 
until recently, and this has given his work 
something of a crankish appearance. The 
competition, perhaps slightly upset by thin-
film ovons in transistor cases which ap-
peared to be empty when opened, has 
failed to compete. Now Ovshinsky and 
Energy Conversion Devices seem to hold 
dominant patents in the new field. 

An early ovon construction is shown in 
fig. 2. This is simply two graphite beads 
coated with some glass semiconductor 
material and held in mechanical contact. 
This package may be the origin of some 
early reports of erratic ovon performance. 
Later devices are assembled as shown in 
fig. 3—as thin films applied to an insulat-

SEMICONDUCTOR GLASS 

That is, a minor adjustment in the glass 
chemistry results in an ovon that remembers 
which state it was in the last time power was 
applied to it. This is like a bistable that re-
members if it was holding a zero or a one 
before it was turned off, and comes back on 
in the same state. 

Ovons also show a much greater re-
sistance than transistors to the degrading 
effects of nuclear radiation. As a result, 
the new technology is already being ap-
plied to satellite computers and other ap-
plications where environmental conditions 
are too harsh for transistor technology. 

Circuits in ovonics tend to resemble 
those of two-terminal pnpn devices (see 
fig. 5). Here is a very simple relaxation 
oscillator that will generate an approxi-
mate sawtooth or a pulsed output. Other 
circuits use pairs of ovons in series as 
shown in fig. 6. Here, two 20-volt ovons in 
series are connected to a 35-volt supply. 
They do not break down until a five-volt 
pulse of either polarity is applied to the 
input terminal. This biases one ovon into 
conduction, and the other ovon follows. 

fig. 2. Mechanical construction of an early ovon. 
Improved thin-film ovon structure shown in fig. 3 to 
the right; the active material is applied without criti-
cal diffusion operations. 

ing substrate. It is reported that ovons can 
be made considerably smaller than tran-
sistors, and it appears this is because there 
are no multiple diffusion and electrical 
connection processes in manufacture. 

Published reports are not very clear on 
how ovons work. This may be Ovshinsky's 
close-mouthed policy again, making the 
competition work harder. Or it may be 
that details are not completely worked 
out yet. One suggested mechanism is a 
kind of solid-state lightning, in which an 
applied voltage leads to gradual warming 
of a channel between the two electrodes. 
This warming encourages current to flow, 
and a regenerative situation develops that 
leads to an abrupt breakdown. This is 
consistent with the input-output character-
istic shown in fig. 4, but does not square 
with another fact. 

-SEMICONDUCTOR GLASS 

INSULATING SUBSTRATE 

fig. 3. 

jmaOERED-SWEEP 
SCOPE 

-DELAY TIME 

fig. 4. Ovon action when a square wave is applied. 
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the future of ovonics 
Any estimate of a new technology's fu-

ture must be at least 5 0 % guess, but I 

think ovonics will eventually amount to 

something. I noted Stanford Ovshinsky 

seems to be playing his cards very close, 

seeking a long-term business advantage at 

a small price in short-term losses. I read 

that ovonic devices are actually in labo-

WW\A 
HIGH'IMPEDANCE OUTPUT 

I o J—I—I—I—J L 
LOW-IMPEDANCE OUTPt/T 

fig. 3. A simple ovon relaxation-oscillator. 

ratories, and people are thinking very 

hard about their applications. 

For instance, the Johns Hopkins Appl ied 

Physics Laboratory has carried out exten-

sive work in satellite computer design us-

ing ovons. And a reliable report that 

Energy Conversion Devices has been pro-

ducing up to 150,000 ovons per day is also 

a convincing fact. Finally, there was a sci-

entific paper describing the key principles 

thoroughly enough to enable a competent 

worker to make his own ovons. All this is 

too strong a basis for a trivial fad. 

So what will this come to? Since ovons 

do not, at present, seem to have any 

linear-amplification capability, I think 

they will appear largely in computer ap-

plications over the next few years. But that 

is not as far from communications elec-

tronics as it used to be. An elaborate tv 

receiver, recently introduced in Europe's 

confused tv systems arena can receive 

color or black and white in any of the 

French, Russian, German or American sys-

tems of transmission. Priced at around 

$1,000, the receiver contains a consider-

able amount of computer information pro-

cessing circuitry. Computer techniques 

have been used successfully in tv picture 

transmissions from Mars, and in the radar 

exploration of Venus. Finally, we have the 

class-D system of using switching circuits 

to develop audio power and manage pow-

er supply systems. 

These considerations suggest there is a 

strong place for ovonics technology in 

coming transmitting and receiving gear— 

as computer-type circuits doing jobs now 

assigned to linear circuits. In transmitters, 

you may find tiny ovonic integrated cir-

cuits digitizing speech and image signals. 

And in receivers you may find inexpensive 

ovonic IC's doing computer analysis of in-

coming signals, in real time, paring off 

unwanted natural and manmade noise to 

achieve good reception at very poor sig-

nal-to-noise ratios. Finally, it appears very 

fig. 6. Using a pair of ovons 

in series to obtain a three-

terminal active device. 

trigger 
TERMINAL 

TERMINAL 

likely that ovonic technology will find 

applications in power handling circuits at 

lower costs and greater reliability than 

present crystal semiconductor technology 

can offer. 
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a 40-meter 

bobtail curtain 
array 

A modified 

three-element vertical 

broadside antenna 

that will 

more than double 

your radiated power 
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Want to have a lot of puzzled hams 

throwing questions at you over the air? 

It's easy. Just say you're using a bobtail-

curtain array for an antenna. This is 

guaranteed to keep you busy for an en-

tire everting, especially if you're laying 

down a healthy signal. This is what hap-

pens to me when I use this antenna on 40 

meters. Its name gets everyone so worked 

up that I've stopped being honest and just 

say I'm using a vertical. 

Despite all the confusion, this is an an-

tenna worth knowing more about. It has 

the advantages of simple construction and 

tuning, low cost, and gain at low radia-

t ion angles. It's an excellent antenna for 

any of the low-frequency bands, and per-

forms especially well on 40 and 80 meters. 

The only major disadvantages are height 

and area requirements and the necessity 

for an antenna tuner. 

description 
Over-all dimensions are shown in fig. 1. 

It is an offshoot of the three-element 

vertical broadside array. In the classical 

version, three elements are fed in phase 

with equal currents, and the elements are 

spaced one-half wavelength apart. This 

arrangement theoretically has no radia-

t ion off the ends because of the phase re-

lationship existing between elements. In 

the bobtail array, there is some high an-

gle radiation off the ends. This occurs be-

cause of imperfect cancellation due to the 

flat top portion. So there's a small com-

promise. Compared with the three-element 

co-phased vertical array, the bobtail's 

front-to-side discrimination is somewhat 

degraded. But its broadside gain is still 

pretty g o o d — 7 to 10 dB over a reference 

dipole. 

The height requirement for 80 meters 

wi l l be about 70 feet, but for 40 meters 

it's only about 35 or 40 feet. The flat top 

portion of the 40-meter version is just an 

80-meter dipole wi th no center insulator, 

so if you have room for this you can build 

the bobtail. 
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construction 
There are several ways to go about con-

struction. If you can get the two ends sup-
ported about 40 feet or more above 
ground, there will be just about enough 
sag in the flat top to allow the center wire 
to hang straight down to the tuner, How-
ever, I didn't have quite enough height at 
the ends, so I used a different approach. 
My center element is actually a 40-meter 
ground plane, made of three 12-foot 
lengths of aluminum tubing, telescoped to-
gether and adjusted to approximately 34 
feet over-all. The joints are split and 
clamped tightly with stainless-steel hose 
clamps well coated with zinc chromate 

to prevent oxidation. 
The element is mounted on an insulator 

originally used for whip antennas on 
tanks (bought through surplus channels). 
This insulator is mounted on top of ar> 
adjustable tripod mount (also surplus), 
and the whole element is guyed with three 
sets of three guys each, made of nylon 
cord. Bear in mind, when choosing the in-
sulator, that rf voltage is high at this 
point. 

The two half-wave phasing lines are 
soldered to heavy lugs and bolted to the 
top of the center element. At each end of 
the phasing wires, another vertical wire 
is connected, made of number 10 or num-
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fig. 1. A bobtail-eurtain antenna for the lower amateur bands; di- Band A 8 
mensions in the table are in feet. 80 se 132 
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fig, 2. Tuning unit for the 40-meter array. For 20-
meter operation, L1 ami C1 should be approximately 
ona-half the values shown here; C2 is the same. 

ber 12 wire. The ends of the flat top are 
then pulled up to full height so the verti-
cals hang straight down. A little comp-
romise will do no harm. I've used the an-
tenna with the two end elements almost 
45 degrees with respect to ground, and re-
sults have been just as good. 

antenna tuner and adjustments 
The antenna has a high input im-

pedance, so an antenna tuner must be 
used. Fig. 2 shows the circuit, and the 
photos illustrate tuners used for 40- and 
20-meter versions. The coil for the 20-meter 
tuner is a B&W BEL-150. For 40 meters, 
the coil and link are wound on the ceram-
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ic form from a BC-375 tuning unit. The 

small capacitor tunes out reactance in 

the transmission line, which in my case is 

over 100 feet long, 

Tuneup consists of adjusting both ca-

pacitors to obtain minimum standing-

wave ratio. I made use of my ever-pa-

tient wife and my children's walkie-

talkies to overcome the distance problem 

from tuner to shack. Only a few minutes 

were required to bring the standing-wave 

ratio to almost 1:1, and l have had 

equally easy tuneup with two other bob-

tails, which I built in the past for 40 and 

20 meters. 

To avoid hanging the antenna so the 

driven element would have to come into 

the shack to the tuner, I left the tuner at 

the antenna base and made it water-

proof. After tuneup was completed, I en-

closed the tuner in a box made from clear 

sheets of plexiglass. This makes an excel-

Tuner lor the 40-meter bobta i l . 

radials directly under the center element. 

If I were to say this made a fantastic 

difference or even any difference for that 

matter, it wouldn't be true. However, it 

seems logical that a good radial ground 

system should be just as effective for this 

antenna as for any other vertical array, 

so I like to think that those fine reports on 

40-meter DX contacts are just a bit better 

because of the radials. I've been tempted 

lo install radials under the outer elements 

also, but so far I haven't done so. 

lent weatherproof container, and the com-

ponents can be seen at a glance. 

ground system 
Undoubtedly if you researched enough 

antenna handbooks, you 'd find a lot of 

information on the bobtail, but I have 

found very little. It appears that an elab-

orate ground is not necessary, and a 4-

to 6-foot ground rod seems ample,1 con-

nected to the tuner through a flexible piece 

of braid or heavy wire. 

I still had the eight radials used for 

the center element when it was just a 

ground plane, so I decided to bury the 

Tuner for the 20-meter bobtai l is similar to 
40-moter unit but with smal ler components . 

results 
The antenna tunes broadly, and the 

standing-wave ratio remains reasonable 

over the whole band. M y broadside pat-

tern is beamed northeast—southwest, and 

Ihe antenna has produced many good 

comments from European, Near-East and 

Pacific stations. Results in North America 

aren't spectacular, because the radiation 

angle is low. It's a DX antenna, and 

doesn't really start lo perform until the 

distance is greater than 2000 miles or so. 

After that, it's a great antenna! It would 

be interesting to hear from others who 

may be using this antenna so I could 

compare notes. 

references 
1. The Radio Handbook, Editors and Engineers, Santa 
Barbara, California, 1959 edition, pp. 472--173. 
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propagation 

predictions for july 

March and April were months of frustration 
for many six-meter operators. I mentioned 
in my September 1968 column that then was 
the time to send equipment and line up 50-
MHz activity in the South Pacific; I pointed 
out that places like Easter Island, Pitcairn, 
Tahiti, Samoa and Fiji could be worked if 
amateurs there were active on 50 MHz. My 
predictions were borne out, as amateurs in 

the Caribbean, Mexico and Gulf States will 
testify. 

Although few contacts have resulted, 
ZKIAA's beacon has been heard in these 
places and others during February, March 
and April. Perhaps the most widespread, 
strongest opening was between 2100 and 
0038 gmt on April 11 to Louisiana, Mississippi 
and Alabama. K5AGI again heard the beacon 
weakly between 1913 and 2010 gmt on the 
12th. HI8XDS, VP2AD, XE1GE and XE1PY also 
report hearing the beacon frequently. The 
first I heard the beacon this year was on April 
17 between 0500 and 0645 gmt by nocturnal 
TE. ZK1AA was copied in Northern California 
and Washington {by W7FN) again on the 19th 
(0429-0550 gmt), the 20th (0712-0734 gmt) 
and the 21st (0520-0812 gmt). The beacon 
was also heard in Northern California on 
April 24, 27 and 28. It was heard in Southern 
California on the 25th and 28th. 

ZK1AA indicates that his receiving system 
was improved considerably on April 19th. 
Also, W6ABN sent him a four-element beam. 
I worked him on April 21st at 0535 gmt for 

I his first W QSO. He reported working ZF1AA 
on the 19th at 2030 gmt and XE1PY at 2040 
gmt as well as about twenty JA's. During the 
last week of April he worked W6ABN, 
W6YDF, K6QEH and KH6GMV. 

To work him, weekends and weeknights, 
attract his attention with a string of dots 

(§ swept across his frequency and call him 
& about 500 Hz higher. His transmitter is remote 
"1 controlled from his home. As of this writing 
,2 his receiving installation is somewhat under 

par and amateurs are advised to use cw rather 
than ssb when calling. 

3 Also, 5W1AR in Western Samoa is sched-
"§ uled to have his beacon on; it's of the simplex 
^ variety so he is not able to listen while trans-
•Q- mitting. 
2 Openings between the West Coast and 

South America were reported on March 16 
tt and 30, and April 5, 8, 9, 10 and 11. Back-
g scatter and sidescatter openings from the 
jE. West Coast were reported on March 30 (W3, 

W5 and W6), April 1 (W4, VP2MJ), April 4 
| (HI8XDS), April 5 and 6 (W6). Other F2-layer 

openings include March 24, when KH6NS, 
KH6EQF and KH6GHC worked from VE7, W6, 

* W7 and W5; March 25, when KH6EEM and 
| KH6EQF worked 5W1AR and KH6EQF worked 
^ K7HER/KG6; and April 11 when XE1PY 
2 worked ZF1AA. 

One of the rare openings of the year was 
_ the aurora of March 23 to 24 which extended 
•§ as far South as the San Francisco Bay area 
> (I worked K7ZIR in Portland on 144 MHz). 
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W7FN, Seattle, reports aurora as early as 1400 
pst; he worked KL7GLL, all 7th District states 
except Nevada and Arizona and as far east as 
North Dakota on 50 MHz. 

1 believe that these 50-MHz openings were 
due to the general increase in peak solar ac-
tivity that began about February 20, combined 
with seasonal effects. There are some mys-
teries, however, like why theZEIAZG beacon 
(50.05 MHz) was not heard in the Americas— 
the path is similar to the ZK1AA—Caribbean 

tories other than Zurich to account for dif-
ferences in observation. 

Actually it's not quite that simple, and most 
ionospheric forecasters stick with the sunspot 
numbers measured at the Swiss Federal Ob-
servatory at Zurich. The difference between 
the ESSA and Zurich sunspot numbers can be 
quite substantial. 

I have plotted in fig. 1 the provisional daily 
sunspot numbers observed at Zurich vs those 
observed by ESSA between January 3 and 

fig. 1. A scatter plot of 
daily sunspot numbers 
measured by the Swiss 
Federal Observatory vs 
those measured by E S S A 
for the period January 3 
to February 28, 1969. 
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path. Also, why was nocturnal TE so late get-
ting to the Bay area? 

sunspot numbers 
I read WA0IQN's predictions in QST about 

increased solar activity in upcoming months 
with great interest. Don even suggested that 
the sunspot numbers might go as high as 200 
this year. Upon investigation, however, I do 
not see such an optimistic view—here's why. 
There are more than one "brand" of sunspot 
numbers in use, a fact I neglected to mention 
last month when I gave daily sunspot number 
counts between 200 and 300 for February 20 
to 27,1969. 

These numbers came from preliminary 
ESSA reports of solar-geophysical activity. 
They are perfectly valid sunspot numbers, 
but they were taken at the ESSA-Boulder or 
Sacramento Peak (Colorado) observatories— 
not at Zurich. You may remember that in my 
November 1968 column on sunspot numbers, 
I mentioned that a correction factor had to 
be applied to observations taken at. observa-

CO ISO 200 sac 300 sso 

PTKMSK3NAL ESSA SUNSPOT NUMBER 

February 28,1969. You may ask, "Is that really 
the same sun they're observing?" Yes, it is, 
with an 8-hour time difference, but it appears 
that ESSA can frequently count 50 percent 
more spots than Zurich. 

With this in mind, I'll admit that if solar 
activity continues its February/March rise, 
monthly average ESSA sunspot numbers of 
200 are not inconceivable, but I doubt that 
the smoothed Zurich sunspot number will ex-
ceed 120 (this spring or summer). I am basing 
my predictions on a smoothed Zurich sunspot 
number of 100. The highest smoothed sunspot 
number for cycle 20 to August 1968 is 107.6, 
which occurred in May 1968. 

In view of the present uncertainty in the 
course of cycle 20, last year's ionospheric ob-
servations are as good an indicator of prob-
able ionospheric conditions this year as any. 
Thus, I scaled some July 1968 ionograms from 
Pt. ArgueJIo, California to determine the ab-
solute muf (somewhat greater than the 4000 
km muf) for the hours of 0500,1300 and 2100 
local time (pst). 
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fig. 2. Daily F2-layer absolute muf's 
scaled from Pt. Arguello Sonograms, 
daily sunspot numbers and magnetic 
activity indexes during July 1968. 
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fig. 3. Absolute muf's scaled from 
July 1D, 1968 ionograms from four sta-
tions in the Western United States. 
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The day-to-day variation throughout the 
month, shown in fig. 2, is quite substantial. 
Based on these measurements, ten meters 
should open to control point latitudes of 
35.5° N. at 1300 local time more than 33 per-
cent of the days of the month. Fifteen meters 
should be open more than 80 percent of the 
days at 1300 and 2100 local time. Twenty 
meters should be open more than 75 percent 
of the days of the month through the pre-
dawn minimum at 0500 local time. 

Plotted along with the Pt. Arguello muf's 
are the daily sunspot numbers of ESSA and 
Zurich and the magnetic activity index. The 
most important solar event of July 1968 was 
an importance-3B flare on the 8th which pro-
duced intense vhf/uhf radio noise bursts and 
moderate x-ray emission and SID (sudden 
ionospheric disturbance). It was followed by 
particle emission reaching the earth 29 hours 
thereafter (1400 pst on the 9th); this caused a 
minor magnetic disturbance which continued 
for some 30 hours and depressed ionospheric 
critical frequencies as late as the evening of 
the 11th. 

Another magnetic disturbance was pro-
duced as this spot group passed the solar cen-
tral meridian commencing on the 13th (8 am 
pst). Note the rise in muf's on the first day of 
the disturbance and the depression on the 
following day and night. Muf's were also de-
pressed on the 22nd and 17th due to minor 

magnetic disturbances. 
Since the normal 

summer daytime muf 
and evening muf's are 
not very much higher 
than the ten and fif-
teen meter bands, any 
reduction of muf's due 
to minor magnetic 
storms may be more 
noticeable than during 
winter months. Fre-
quently during these 
storms sporadic-E will 
be present, allowing 
contacts to 1400 miles 
or so, but no DX. Also, 
in addition to de-
creased F2-layer criti-
cal frequencies, the 
F2-layer virtual heights 
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may rise to over 500 km indicating possible 
long-skip, single-hop paths as long as 3000 to 
3600 miles. 

When considering paths of this length, 
however, the variation of ionospheric param-
eters along the path becomes important. 
Ionospheric soundings taken at the oblique 
path midpoint may no longer furnish a suffi-
cient model of the ionosphere to explain all 
the observed phenomena. 

To demonstrate the variability of the iono-
sphere in distances as short as 300 to 1000 
miles, I have seated daytime Sono-
grams taken on July 19,1968 at four 
stations: Stanford, California, Pt. 
Arguello, California, Boulder, Colo-
rado and White Sands, New Mexico. 
As l pointed out in the August 1968 
column, prediction methods assume 
that, over a limited range of longi-
tudes, the muf contours are fixed 
in space relative to the sun and the 
earth rotates underneath. You 
would expect the muf-v s-time 
curves of the California stations to 
be offset one hour from the other 
two. You would also expect, from 
the pronounced north-south gradi-
ent of ionization predicted that 
White Sands would have ihe high-
est muf's, followed by Pt. Arguello, 
Stanford and Boulder in that order. 

Fig. 3 shows the scaled absolute 
muf vs time (pst) for each station 

along with ES5A predicted muf's for Pt. Argu-
ello. Changes taking place simultaneously at 
all stations would likely be due to changes in 
the incident solar ultraviolet flux. Changes 
that occur with time delays from north to 
south between the stations may be due to 
large traveling ionospheric disturbances or 
transport of ionization. Changes that occur 
with time delays of one hour east to west are 
likely due to the normal diurnal variation. 
The picture is not clear from just one days' 
data—but it shows what differences you 
might expect from the standard predictions. 

Between 1030 and 1130, the normal north-
south ionization gradient was reversed at 
both pairs of stations. The eastern pair of sta-
tions held the edge on muf's (shifting to local 
times) until late afternoon. According to pre-

dictions (fig. 4) the daytime F2-layer 4000-km 
muf at Boulder should have been 3 MHz low-
er than that at White Sands. 

One of the major problems facing iono-
spheric scientists in interpreting long distance 
propagation is the development of suitably 
accurate models of the ionosphere. The four 
stations at Stanford, Pt. Arguello, Boulder and 
White Sands are quite closely spaced com-
pared to other sounders. Could you imagine 
ESSA trying to forecast weather with a net-
work of observing stations spaced this far 

6 8 10 12 14 16 18 20 
LOCAL Tme AT CONTROL POINT 

fig. 4. Predicted median muf (4000) F2 for 
July 1969 centered on longitude 105° W. 

apart? There are still frontiers to be con-
quered with the vertical-incidence sounder, 
but after 33 years it is still the prime tool of 
the ionospheric physicist. 

propagation during the month 
Summer is still with us, and propagation 

during the first half of July wil l be very simi-
lar to that during June. The same maximum 
range charts may be used. Some idea of oc-
currence of sporadic-E may be gained from 
the propagation column in the June issue of 
ham radio. 

Table 1 lists some specific predictions for 
Northern California. They may be of use to 
other areas the same distance and bearing 
from mid-latitude United States. San Francis-
co to Anchorage is equivalent to Washington, 
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Table 1. Times (pst) of predicted band openings to San Francisco for July 1969. 

From Distance Bearing 40 Meters 20 Meters 15 Meters 10 Meters 

KL7, Anchorage, Alaska* 1960 332 2000-0700 0630-0200 nil nil 

3W8, Saigon, Vietnam 76S0 306 0200-0700 2120-0400 
0600-1030 

(0100-0430) 
(1500-1900) 

1930-2030 
0930-1100 

(1500-2200) 
(0815-1130) 

(1700-1730) 

KR6, Okinawa, Ryukyus 5960 303 0030-0700 1930-0400 
0600-1130 

1900-2030 
(1430-2200) 
(0600-1130) 

(1530-1730) 

JA3, Tokyo, Japan 5020 303 0000-0700 1830-0400 
0600-1130 

1900-2030 
(1330-2200) 
(0615-1130) 

nil 

KG6, Guam, Marianas* 5620 282 2330-0720 1930-1100 1140-2200 nil 

KX5, Kwajelein* 4650 265 2200-0730 1730-1120 1030-0200 1930-2030 

VK6, Perth, W. Australia 9100 259 0320-0600 2100-1030 
(1500-2300) 

1400-0200 
(1730-1830) 

1800-2100 

VK3, Melbourne, 
E. Australia* 

7000 245 2300-0630 1900-0900 1130-0130 1400-2100 

KC4, Antarctica* 7590 180 1900-0300 0800-0900 0930-1600 1130-1400 

LU, Buenos Aires* 6700 128 1820-0200 0200-0640 
1420-0030 

0500-2200 1100-1830 

KZ5, Canal Zone 3280 116 1740-0320 24 hours 0600-2130 1200-1700 

ZS1, Capetown, 
S. Africa 

10150 76 1900-2100# 2130-000 

(2300-0800) 

0900-1030 

(2015-0200) 

nil 

DL, Berlin, W. Germany 5540 25 1900-2100# 0530-0030 
(0230-0700) 
(1530-1830) 

(0700-1600) 
(2100-0200) 

(1300-1230) 

W3, East Coast USA* 2420 74 1720-0300 0700-2330 1500-1900 ** nil** 

( ) Time of long path opening (opposite bearing) 

* No long path calculations made for these paths 

# Difficult circuit—high path losses 

nil Muf not supposed to rise this high—possible opening during middle of lower band opening on less than 
half the days of the month 

** Fifteen may open as early as 0600 on days with high muf's, ten may open a half-hour later and close a half-
hour earlier than fifteen. Double-hop sporadic-E may occur anytime. 

D. C. to Yellowknife N.W.T., SF to Saigon is 

equivalent to Kansas City to Guam and SF 

to Melbourne is equivalent to St. Louis to 

Auckland, New Zealand. Times are your local 

solar time. 

Late note: as of May 20, Z K 1 A A had over 50 

contacts in less than two months—al l in the 

Northern Hemisphere. His beacon is operating 

daily from 1730-0930 gmt. 5W1AR, Western 

Samoa, now has a beacon on 50.105 M H z 

operating 1900-2400 gmt and 0400-0600 gmt; 

he is bothered by interference from television 

on American Samoa that comes on the air at 

0600 gmt. 

ham radio 
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tebook 

adding shaft to ape 
trimmer 

Ever faced with that very frustrating sit-
uation where the only variable capacitor 
in the junk box with the required value is 
an APC trimmer—and you need one with 
a shaft? Although several solutions have 
been presented in the past for this prob-
lem, the following one is easy, effective, 
and thus, my favorite. 

Slip a piece of shrinkable tubing over 
the hexagonal rotor extension, and trim 
to extend at least Va-inch. Insert a suit-
able length of 'A-inch diameter metal 
tubing into the open end; apply sufficient 
heat to shrink the tubing. Now, gently 
slide the shrinkable tubing and shaft ex-
tension back off the hexagonal rotor ex-

tension. Note that it comes off easily but 
retains the hex shape. Put epoxy on the 
exposed inner surface of the shrinkable 
tubing and replace on the rotor extension. 
Now pour epoxy through the center of the 
metal tubing, making sure it flows into the 
original screwdriver slot and that no air 
pockets are left. 

Let it stand for at least twenty-four 
hours before attempting to turn the shaft. 
You now have an APC trimmer with a 
rugged shaft extension; add a knob and 
you're in business. 

V. M. Scott, Jr., W1 En-

tile multi-box 

Anytime you put a piece of audio gear 
on the bench there is the problem of mix-
ing and matching the variety of con-
nectors used in current equipment. My lit-
tle multi-box has proven invaluable when 
working on such gear. In its present form 
it consists of three types of jacks mounted 
in pairs on a 2'A x 2'/< x 5 minibox. A termi-
nal strip mounted on the left-hand end of 
the box accepts pigtail connections. The 
jacks and terminal strip are all wired in 
parallel so that any signal fed into one 
jack is available at any other jack. The 
three types of jacks on my personal ver-
sion of the multi-box are standard phone 
jacks, mini jacks (a la transistor-radio 
practice) and RCA phono jacks. The RCA 
phono jacks were mounted with the aid 
of pop rivets; this is a very neat way to 
mount this style jack in any gear you may 
construct. 

Al Joffe, W3KBM 
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simple scope calibrator 
An accurate scope calibrator is a very 

useful tool where an oscilloscope is fre-
quently used. It eliminates calculations 
due to scope gain controls or a 10:1 probe 
since the tip of the probe can be inserted 
into the calibrator output jack for compari-
sons with the signal voltage. 

The calibrator shown in fig. 1 was built 
in one afternoon and added to an Eico 
460 oscilloscope. The same circuit could be 
added to other inexpensive scopes or built 
as an output accessory in a minibox. It's 
simple, the cost is low and the added cur-
rent drain on the scope power supply is 
negligible. 

The calibrator voltage is derived from 
a 22-volt zener diode. It is chopped at 60 
Hz by the transistor and the resulting 60-
Hz square wave is trimmed to exactly 20 
volts and applied across a precision re-
sistor voltage divider. The calibrator can 
be adjusted with an accurate dc volt-meter 
by disconnecting the transistor collector 
and adjusting for 20 volts at the top of 
the divider. 

To install the calibrator in the Eico 460 
scope, remove the pilot light, X1, and re-
sistors R5 and R44. The pilot light is a 
filament tie point, so the new wiring must 
take this into account. The best procedure 
is to run new wires from TB2 along the 
path of the old leads. Wiring to the phas-
ing control (R45) is checked for continuity, 
and the scale dimmer (R80) is wired di-
rectly to TB2. The pilot light mounting hole 
is used for the calibrator rotary switch, 
and the "60-Hz" binding post is used for 
calibrator output. 

The rotary calibrator switch is complete-
ly assembled before it's put into the scope; 
1 % resistors are used in the divider for 
maximum accuracy. After mounting the 
rotary switch, the zener and chopper tran-
sistor are mounted on an additional two-
terminal tie strip mounted over TB4 and 
near XV6. The calibrate potentiometer 
(R6) is rotated 180 degrees in its hole and 
wired into the circuit as a voltage trim-
mer. The 820-ohm resistor, R5, is re-used in 
the base circuit of the transistor. 

The transistor may generate voltage 
spikes that will crosstalk into the scope 
input unless the new wiring is dressed close 
to the panel where it's connected to the 
60-Hz post. Also, the divider ground lead 
should not be connected to the scope in-
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put ground post—return it to the point 
where the transistor emitter is grounded 
near XV6. Nearly any npn transistor will 
work as the chopper; I tried surplus 2N706's 
and 2N1302's among others. 

Bert Kelley, K4EEU 
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NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup-
presses noise generated by auto ignitions, 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 
Features include modern solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

Swan at TNB-250 shown Installed 
accessory socket location. 
Simplified installation requires twenty minutes. 
TNB-250 $29.95 ppd. 
TNB-250C (for Swan 250C) $32.95 ppd. 

Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 

•tctivn IN OUT 

NOISE BLANKER 
WESTCOM 

Choice of 14-20. 100-140, or 125-160 VDC, RCA 
phono or BNC- connectors. Specify for 10 or 20 
meter converter output. 
Model TNB $29.95 ppd. 

(For special frequencies add $3.00) 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 
Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 
All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

W E S T C O M 
E N G I N E E R I N G C O M P A N Y 

P. O. Box 1504 San Diego, Cal. 92112 

communications receiver 

Hallicrafters has just announced an advanced 
version of their popular SX-122—a dual-
conversion receiver providing general cover-
age am, cw and ssb reception. The new 
receiver, the SX-122 A, covers standard broad-
cast (540 to 1600 kHz) plus 1750 kHz to 34 
MHz in three bands. Bandspread is calibrated 
for 80, 40, 20,15 and 10 meters. The SX-122A 
features extensive temperature compensation, 
voltage regulation and a crystal-controlled 
second-conversion oscillator for improved 
frequency stability. The dual dials provide fast 
and easy dial setting plus smooth flywheel 
tuning. 

Other features of the SX-122A are a precise-
ly tuned and tracked rf stage, variable selec-
tivity (500 - 2500 Hz and 5 kHz), antenna 
trimmer, separte rf gain control, automatic 
noise limiter, s-meter, provision for an op-
tional front-panel-controlled 100-kHz crystal 
calibrator and balanced or unbalanced an-
tenna inputs. $350 from your local distributor, 
or write to the Hallicrafters Company, 600 
Hicks Road, Rolling Meadow, Illinois 60008. 

72 g J july 1969 



gate-protected dual-gate 
mosfet 

RCA has just announced a new gate-pro-
tected dual-gate mosfet—the 40673—that 
has essentially the same electrical character-
istics as 3N140 and is interchangeable with 
it. Gate protection is provided by back-to-
back zener diodes which l imit the voltage ex-
cursion of the gates to ± 1 0 volts; by adding 
this protection from static burnout, the gate 
capacitances are increased about 1.5 pF. 
Noise figure of the basic device increases 
0.2 dB, and power gain decreases 0.2 dB at 
200 MHz; both changes are considered neg-
ligible. The price of the new RCA 40673 is 
about $2.00 in small quantities; since this is 
a brand new transistor, it may take awhile to 
reach the shelves of your local distributor, 
although he should be able to special order 
them for you. According to RCA, more gate-
protected mosfet's wi l l be available in the 
next few months. 

dipole antenna kit 
The new Mosley Electronics DIV-80 di-

pole antenna kit is designed to be con-
structed horizontally or as an inverted-V 
on any single amateur band from 10 to 
80 meters. The amateur is supplied wi th 
all the necessary parts plus easy-to-follow 
instructions to determine the length re-
quired for specific frequencies within a 
given band. The DIV-80 is rated at 1000 
watts a-m or CW and 2000 watts PEP ssb. 

When assembled as a horizontal dipole, 
the antenna is raised between 35 and 65 
feet above the ground and is approxi-
mately 135 feet long on 80 meters. When 
used as an inverted-V, the center support 
point is 35 to 65 feet above ground wi th 
the ends of the antenna insulated about 10 
feet above the ground. The DIV-80 kit in-
cludes 140 feet of copperweld wire, a high-
strength Mosley dipole connector, high-grade 
ceramic end insulators, all necessary hard-
ware and complete instructions. For more 
information, write to Mosley Electronics, Inc., 
4610 N. Lindbergh Boulevard, Bridgeton, 
Missouri 63042. 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back! 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train lor the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 
SPECIAL TO AMATEURS. This course is primarily 
for Commercial License qualifications. But It 
does cover some of the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 

ItCJl 
asa» 

I 
I 
I 

RCA INSTITUTES, INC. j 
Dept. HR-79 
320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obl igat ion, information on 
your all-new FCC Commercial License training. 

Name 

Address-

City_ -Sta te-
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HERE IT IS! 
The All NEW 

Radio Society of Great Britain 

V H F - U H F MANUAL 
by G. R. Jessop, G6JP 

vhfuhf •t t u r a v £W« mjtu u » 

Over 250 pages devoted to all phases of 
the world above 50 MHz. Includes chap-
ters on Propagation, Tuned Circuits, Fil-
ters, Receivers, Transmitters, SSB, Mobile 
Equipment, Antennas and Accessories. 

Only $3.75 
Postpaid U.S.A. & Canada 

ALSO FROM THE RSGB 

Radio Communications Handbook $11.95 
The outstanding handbook for the radio 
amateur. 

Amateur Radio Circuits Book $ 2.00 
Radio Data Reference Book $ 2.50 
World at Their Fingertips $ 2.50 
Amateur Radio Techniques $ 2.50 

All postpaid U.S.A. & Canada 

Order today from 

b o o k d i v i s i o n 
BOX 592 

AMHERST, N. H. 03031 

fet vom 

The newest of a series of precision elec-
tronic instruments has been announced by 
Delta Products. Their new model 3000 fet 
voit-ohmmeter features ac and dc ranges 
from 300 millivolts to 1000 volts full scale; 
the instrument reads down to 10 mV. Cur-
rent ranges are from 0.03 (tA to 300 mA, and 
resistance ranges run from 10 ohms to 20 
megohms center scale. Dc accuracy is ± 2 % 
of full scale and ac accuracy is ± 3 % of full 
scale below 500 Hz. 

The model 3000 has an fet input stage with 
current regulator for 10-megohm input resis-
tance; an integrated-circuit operational am-
plifier is used for extreme accuracy. The 
meter is fully compensated for low zero drift 
and has built-in voltage clippers for input 
stage protection. Special features include a 
mirror-scale meter movement, enclosed 
switches, and ten-turn potentiometers for 
zeroing and ohms adjust. 

Available in kit form with preselected 
components for the feedback network to 
eliminate all calibration, $59.95 ($74.95 com-
pletely assembled and tested) from Delta 
Products, Inc., Department 147, Post Office 
Box 1147, Grand Junction, Colorado 81501. 
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solid-state 
tv camera modules 

If you're interested in building your own 
vidicon-type tv camera or updating exist-
ing cameras, you'll be interested in the 
new line of solid-state modules announced 
by ATV Research. A complete camera can 
be built in one evening by using these 
wired and tested modules; and according 
to the manufacturer, no previous tv knowl-
edge or special test equipment is required. 
The modules presently available include a 
video module, vertical-sweep module, hori-
zontal-sweep module, rf modulated oscil-
lator module and high-voltage dc-dc con-
verter. Prices range from S10 to $20, and 
units are available for immediate ship-
ment. For more information, write to ATV 
Research, 13th and Broadway, Dakota 
City, Nebraska 68731. 

millisecond fuse 

Beckman Instruments has just introduced 
a new high-speed fuse designed specifically 
to protect integrated circuits and power 
transistors. The series 817 fuse is inexpensive 
and available with ratings of 0.5, 0.75 and 
1.5 amperes. All three units will blow as fast 
as 50 microseconds. The miniature fuses are 
housed in a TO-46 can. For more informa-
tion, write to Technical Information Section, 
Helipot Division, Beckman Instruments, Inc., 
2500 Harbor Boulevard, Fullerton, California 
92634. 

Kill ignition noise 
and other strong impulses 

with a 

Unlike the usual noise clippers or limiters, the 
34-NB is an advanced noise blanker which actually 
mutes the receiver for the duration of the noise 
pulse. Between noise pulses, full receiver gain is 
restored. (The receiver AGC is affected only by the 
desired signal strength, not by the noise at the an-
tenna.) Low level signals masked by noise impulses 
without the noise blanker can be copied when the 
blanker is used. The 34-NB is a must for the mo-
bile operator. 

H O W I T W O R K S . . . 

A noiseless electronic series switch is inserted at 
the output of the receiver mixer. This switch is 
operated by the output of a special receiving cir-
cuit which is tuned to the 9 MHz IF with bandwidth 
of 10 kHz. The switch opens for noise impulses but 
closes to allow the signal to pass. 

The kit consists of these main parts: 9-NB board 
(composed of 17 transistors, 4 diodes and circuitry), 
NBK board, capacitor assembly, switch assembly, 
lever knob, and miscellaneous hardware. 

Installation of the kit is about a two hour job for 
the competent technician only, requiring the usual 
hand tools, plus soldering iron and electric drill. 
Factory installation, $15 plus shipping. 

Model 34-NB 5 1 2 9 ® ® Amateur Net 

At your distributor or write to 

R. L. DRAKE COMPANY-^ 
Dept. 479, 540 Richard St., Miamisburg, Ohio 45342 
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a 
complete 
amateur radio station 
in one 
portable package 

( / ; / 
(r^^net 

A 5 BAND 260 WATT S S B T R A N S C E I V E R 
Onl 
$395 

o 
Tl 
D( 

SUPPLY AND LOUDSPEAKER 
WITH BUILT-IN AC AND DC O n l y 

USED GEAR 
B & W 
5100 Xmtr. (Vry Gud) $ 99.95 
CLEGG 
99'er 6mtr. Xcvr S 75.00 
22'er 2mtr. Xcvr $165.00 
COLL INS 
KWM-2 & 516F-2 #13.000's $825.00 
KWM-2 & 516F-2 #696, all latest 

mods, by factory $725.00 
CENTRAL ELECT. 
Model A Slicer. S S B ..... $ 17.50 
Model 20A $ 75.00 
EICO „ , „ „ „ „ 
753 & 751 A C / P S . . . . J " 0 . 0 0 
753 & H B / A C / P S $120.00 
ELM AO _ 
AF-68 & M1070 PS $ 75.00 
AF-67 (No Power) $ 20.00 
HALLICRAFTERS 
PS 150 A C / P S 
HT-37 Xmtr $ 80.00 
HT-44 & PS 150 A C / P S $195.00 
SX-101 Mk3 $149.95 
SX-111 (Vry Gud) $169.95 
JOHNSON , A n n E 
Challenger $ 49.95 
Navigator $ 70.00 
Ranger 2 (EXC.) $149.95 
Five-Hundred (EXC.) $275.00 
Thunderbolt Linear Amp. 

(80 thru 10) $249.95 
GALAXY 
Galaxy V Mk3. with AC-400 and 

Spkr. Console (Less than six 
months old) $395.00 

Deluxe Accessory Console $ 75.00 
RX-2 Remote VFO $ 49.50 
Duo-Bander 84 (NEW) $139.95 
SWAN 
Model 250 6mtr S S B $249.95 
Model 350-80 thru 10 $265.00 
Model 350 (Late) $325.00 
Model 350 & 117Xc $350.00 
SW-175 $ 65.00 
All gear listed F.O.B. Oklahoma City and 
subiect to prior sale. Guaranteed 90 days. 

k N h a T e c / * 

ELECTRONICS ^ 
Phone C E 5-6387 

" T H E C O M P L E T E H A M S T O R E " 

927 N.W. 1st Oklahoma Cily. Oklahoma 73106 

"WE TAKE TRADE-INS ON ALL LINES OF NEW EQUIPMENT™ 
TWO-WAY RADIOS - SALES • SERVICE • INSTALLATIONS 

short circuits 
silver plating 
In the article on silver plating in the Decem-
ber I960 issue of ham radio, it was stated that 
immersion plating is also known as electroless 
plating. This is an error. Immersion "plating" 
only puts on a surface film, then ceases to 
deposit. Electroless plating continues to de-
posit for the life of the solution. 

220 mosfet converter 
The 470-ohm isolation resistor in fig. 1, 

page 30 of the January 1969 issue does not 
isolate the hot end of L2—the hot end of 12 
should be connected to the junction of the 
470-ohm resistor and the 500-pF buttom mica 
bypass capacitor. 

solid-state BC348 
Several errors appeared in the circuit dia-

grams of this article on the solid-state BC348 
which appeared in the February 1969 issue. 
The squelch switch, as drawn, shorts out the 
age—the switch should be turned around so 
the arm is connected to the base of the 
2N2924. In the negative 6.3-volt regulator, the 
collector of the 2N3638 should run directly 
to the base of the 2N1132/2N3638. In the 
positive 12.5-volt regulator, the 2N3766 driver 
should be a 2N3642 or 2N697; the main regu-
lator is a 2N3766. 

In the text, it was stated that the gain con-
trol range was 40 dB. Actually, for three 
stages, range is more like 140 dB! Fairchild 
Semiconductor no longer markets the 2N4122 
—use 2N4121's instead. Another solution, 
offered by W 1 0 0 P , is to use Motorola 
2N3906's for all pnp types except the negative 
6.3-volt regulator. For all npn types except 
the above mentioned 2N3642/2N697, use 
2N3904's. Price is 82c each. 

repeater identifier 
In the power supply circuit in fig. 1, page 

19 of the April 1969 issue, the plus 4.5-volt 
supply should be connected to the emitter 
of the transistor, not the base—emitter is 
lifted off ground of course. Also, in fig 5, page 
22, the 1.8 k resistor from pin 5 of IC1 should 
be connected to the collector of Q23, not 
the emitter. 

ham radio 
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a second look by 

fish 

While I was researching some textbook ma-
terial for an extensive article on vhf fm for 
the September issue of ham radio, 1 dis-
covered a very curious fact: the standard 
textbooks did not agree on the differences 
between phase and frequency modulation. 
The textbooks that provided a mathematical 
treatment on the subject tended to be cor-
rect, while those that discussed it on a less 
technical level were usually in error. 

There is a very simple difference between 
phase and frequency modulation: the fre-
quency deviation of a frequency modulated 
wave is proportional to the peak amplitude 
of the modulating signal, and independent 
of the modulating frequency: frequency devi-
ation in a phase-modulated wave is propor-
tional to both the amplitude and frequency 
of the modulating signal. The difference is 
quite subtle, and since both phase and fre-
quency modulation are forms of angular 
modulation, they are not essentially different, 
and one can be converted into the other. 

This conversion from one to the other is 
important because although fm offers supe-
rior performance in terms of signal-to-noise 
ratios, phase modulators are more convenient 
to use with crystal-controlled transmitters. 
Since fm phase-modulated waves have greater 
deviation at the higher modulating signal 
frequencies than pure fm waves, an RC net-
work that reduces the frequency response of 
the audio system on the higher modulating 
frequencies takes care of the conversion from 
pm to fm. 

The important thing here is not this partic-
ular error, but the fact that errors do occa-
sionally creep into textbooks. In this case, it 
was probably a case of the blind leading the 
blind—an early non-mathematical article on 
the subject was 180 degrees out of phase 
with the facts. Unfortunately, this article was 
used as the basis for several simple textbook 
discussions on fm; later textbook authors 
used these erroneous chapters as the basis 
for their words on the subject and the error 
was promulgated from one textbook to an-
other, right up to the present day. Electronic-
engineering textbooks, as I noted earlier, tend 
to present the matter correctly, particularly if 
the author has gone to the trouble to include 
the math. 

When you run into a conflict in technical 
view, the question inevitably arises, who is 
the authority? Although there are dozens of 
excellent books on the subject of radio com-
munications, there are two texts that stand 
out above all others: F. E. Terman's "Elec-
tronic and Radio Engineering" (McGraw-Hill, 
1955), and Keith Henney's "Radio Engineering 
Handbook" (McGraw-Hill, 1959). If you don't 
have a copy of one of these at home, at work, 
or at your local public library, you should 
consider buying one volume or the other. 
Summer is a good time to buy too, since 
school is out, and used book stores near 
colleges and universities are often loaded up 
with books of this kind. 

Jim Fisk, W1DTY 
editor 
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Constructing a large parabolic reflector with 
amateur means anrl budget* is by no means 
ail easy job and tequiies hundreds of hours 
of el'foit before 1 he clisli is finished, in-
stalled, and ready to operate. 

However, any serious uhf enthusiast wi l l 
lincl out sooner or later that parasitic arrays 
w i l l not do the job for F.ME work above 
•100 MHz . Commercial dishes which wi l l per-
form as well as my homemade one are ex-
tremely expensive ($5000 to $10,000) so they 
are out of the average amateur's reach. The 
surplus market isn' l much help ei lher—sup-
plies of large surplus parabolic reflectors are 
extremely limited. 

For most uhf and iruciowave moonbotince 
enthusiasts the path to adequate system per-
formance wi l l include the construction of a 
large parabolic reflector. Although many 
amateurs have travelled this road success-
fully, even more have billed. Most failures 
apparently occuirod because the buiklei un-
derestimated rigidity and accuracy require-
ments for reflectors for the higher frequen-
cies. Other failures occurred because opera-
tional pointing accuiacy requirements were 
underestimated. 
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Errors in homemade reflectors nre usually 
clue to gross distortions ih.it extend over a 
large portion of the dish surface (many wave-
lengths); these errors have the most effect on 
gain loss. To obtain full gain (within 1 dB of 
theoretical) surface errors must be less than 
1/32 wavelength rms. At "12% MHz this is 
a little more than one-quarter inch. There is 
no point in building a larger dish with less 
accuracy because it compounds the con-
struction difficulties without producing any 
more gain than a smaller, accurately con-
structed dish. 

design 
As dish size increases, aiming must be-

more accurate. A 10-foot dish for 1296-MHz 
moonbounce must be pointed with an ac-
curacy of better than I degree or you will 
degrade moon echos more than 1 dB. On 
1296-MHz I doubt that it is within amateur 
means to point a 30-foot dish accurately 
enough to take advantage of its full gain 
(20 minutes of error). These difficulties be-
come even greater at 2300 MHz and higher. 

I settled for a 16-foot parabolic for three 
reasons: it provides adequate system gain at 
1296 and 2300 MHz, it can still be pointed 
accurately enough, and most of all, it is the 
largest size that could be built in my garage! 

The f/d (focal length to diameter) ratio 
was chosen as 0.525 for a focal length of 8.4 

Completed dish and polar mount Co-
axial foodlino it 1-5/8" Holiax. 

feet. This is close to the optimum f/d for 
gain using simple feeds (0.40 to 0.50). The 
larger focal length allows later expansion to 
20 feet and provides more latitude in point-
ing the dish over a small angle by moving 
the feed. 

The dish is mounted on a polar mount 
with a fixed declination of plus 12 degrees. 
The feed is moveable over a range of plus 
and minus 16 degrees to cover all positive 
moon declinations. Gain losses clue to feed 
steering are quite small. 

materials 
The dish is constructed of aluminum 

honeycomb sandwich. This yields a solid sur-
face with approximately twice as much wind 
resistance as a typical mesh surface. This is a 
disadvantage in high-wind areas but is not a 
factor in Los Angeles where the maximum 
recorded wind velocity has never been over 
50 mph. City building code regulations call 
for the design of surfaces and support struc-
tures to withstand 15 pounds per square foot. 
At the "parking" angle of 22 degrees—the 
worst case—this only amounts to 1150 
pounds loading. 

All surface and attachment joints are made 
with epoxy. No bolts or welds were used 
anywhere on the dish or its rear frame struc-
ture. However, joints between the frame 
structure and the dish use fiberglass matting 
to assure better bonding in these high stress 
areas. 

After the dish was placed on the gimbal 
on the roof of the house, 'A-inch bolts were 
added to secure the rear frame to both the 
front and rear surfaces of the dish. These 
were epoxied in also. These bolls are prob-
ably not necessary, but I didn't want to find 
out during a windstorm. Epoxy joints are a 
tricky matter at best, particularly with alu-
minum; some turn out very well and some 
not so well—the difference is usually a re-
sult of cleanliness in construction. 

One characteristic that makes honeycomb 
structures attractive for large reflectors is 
their fantastic rigidity relative to their weight. 
The dish and frame weighs approximately 
230 pounds total. The frame is only attached 
to the dish at 5 points, yet applying 50 
pounds force to the rim of the dish causes 
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distortions of less than inch. 

Of the total weight, about 30 to 40 per-
cent is nonstructural and due to the epoxy 
I used. More careful techniques of applying 
epoxy without waste could cut dish weight 
to less than 200 pounds. Dish weight is quite 
important because distortion due to gravity 
is usually more significant than windloading 
since gravity acts all of the time. 

This article will dwell in detail on the con-
struction of the dish using readily available 
materials. The dish is self-supporting when 
a rigid frame is attached to the center and 
four points about 5 feet from the center. 
The attachment area must cover at least 0,5 
square foot for each point with fiberglass 
matting to provide uniform loading against 
the honeycomb sandwich. 

I won't go into complete constructional 
details of my rear frame since I used ma-
terials that aren't easily obtained. It is made 
from four missile containers and honeycomb 
tubing that was originally intended to be a 
dissipative shock absorber for shock testing. 
The four q'lindrical missile containers are 
epoxied together to form an X. A well 
thought out wood frame should work just as 
well. The missile containers are essentially 6-
inch diameter fiberglass tubing sections with 
wall thickness of 0.02 to 0.03 inch and re-
inforced ends about Vs-inch thick. The 
photograph on page 14 will clarify the at-
tachment technique. 

The materials used for the dish itself are 
fairly inexpensive; total cost is about $250. 
Considering the performance of this reflec-
tor it is a good investment. Other costs are 
associated with the pattern on which the 
dish is constructed, chemicals, containers for 
cleaning and etching, countless pairs of rub-
ber gloves, brick weights, rubber mats, and 
of course, the frame and gimbal for the 
finished dish. 

A significant factor in the total cost is the 
amount of extra material which must be 
purchased when making only one dish. This 
must be done so sufficient material is always 
available to complete the job. Also, the hon-
eycomb material and epoxy cannot be 
bought to the exact quantities required as it 
is shipped in standard increments. If a group 
of amateurs gets together to make several of 

these dishes as a team project, a lot of 
money and tooling could be saved. 

honeycomb construction 
A simple honeycomb sandwich consists of 

two faceplates and a core that looks like a 
bee's honeycomb. The core is joined to the 
faceplates by bonding or brazing. This con-
stitutes a rigid sandwich that does not bend 
easily. Before bonding, the honeycomb core 
can be deformed to shape it to a mildly 
curved surface. When bending the honey-
comb in one plane it naturally lakes on a 
concave/convex "saddle" shape and resists 
the doubly concave or convex shape used in 

Honeycomb sandwich used in the con-
struction of the 16-foot dish. 

»ii 

. .i-j 

parabolic reflectors. With evenly applied 
pressure it will take on the desired shape if 
the curvature is mild, but wlien deformed 
beyond its limits it collapses. 

The material used for the two faceplates 
does not have to be identical to the core 
material. The honeycomb core is available in 
paper, aluminum, epoxy fiberglass and steel. 
Rigidity is improved by increasing either 
faceplate thickness or cell height; rigidity is 
not affected by cell size or thickness of (he 
core material. Cell size and core thickness 
affect compressive strength. 

Honeycomb sandwiches can be tailored 
to the exact rigidity and strength require-
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ments you need wilhout overdesigning one 
to gel the other. However, certain combina-
tions of cell height and faceplate thickness 
result in a minimum-weight design for a 
staled rigidity. These combinations can't al-
ways be used, though, because the faceplate 
skin becomes excessively thin and the core 
is too high to bend very much. 

The aluminum honeycomb I used for this 
dish has a cell size of 3A inch, a cell height 
of one inch and a wall thickness of 0.003 
inches. The faceplates are 0.008-inch alu-
minum. Believe it or not, the compressive 
strength of this sandwich is 50 pounds per 
square inch! 

Honeycomb material takes on a 
saddle shape whan deformed. 

Core cost is about $.35 a square fool. 
Total weight of the core material used in the 
dish is 30 pounds. The minimum weight 
sandwich would have consisted of honey-
comb 2 inches high with 0.002-inch face-
plates; the result would be 14 pounds lighter 
than my chosen design. However, 0.002-inch 
faceplates are impractical and too easily 
damaged. In addition, the 2-inch honeycomb 
would not conform to the dish curvature. 
The 8-miI faceplate material I used is quite 

sturdy, and even permits walking on the sur-
face without damage. 

Bonding the honeycomb core to the face-
plates is a simple process. The two pieces of 
sheet metal are coated with a thin coat of 
epoxy (about 10 mils) and the core is sand-
wiched in between. Uniform pressure is then 
applied, and the epoxy is allowed to set. The 
epoxy creeps up the walls by capilliary ac-
tion and forms a fillet that is higher than the 
coating thickness. 

the epoxy 
Choice of epoxy for honeycomb bonding 

involves many factors: il must be a room-
temperature curing type, it must have sev-
eral hours of pot life, and it must be thick-
sotropic* to keep an adequate film on the 
sheets to be bonded. But above all it must 
be capable of achieving a structural bond to 
aluminum. Aluminum is probably the most 
difficult material to bond. The epoxy I used 
is the same as that used in the honeycomb 
construction- of the 60-foot reflector at 
Massachusetts Institute of Technology's Lin-
coln Laboratory and it does an excellent job 
of bonding aluminum. 

Most of the other epoxies that I am famil-
iar with do not achieve a true bond to alu-
minum; the aluminum can usually be peeled 
off the joint with very little force, leaving no 
trace on the aluminum of more than a super-
ficial joint. The epoxy I used is General Ad-
hesive and Chemical Company's type 88-110. 
This material apparently attacks the alumi-
num to create a structural bond. The force 
required to peel off the aluminum almost 
tears the metal before the epoxy gives. I 
strongly recommend that you not make any 
substitutions; also use the epoxy strictly in 
accordance with the manufacturer's instruc-
tions. Don't use any additives to prolong the 
pot life; I tried this with disastrous effects on 
bond strength. 

The epoxy is quite reactive. Skin contact 
should be avoided as it can cause allergies 
in some people (generally true of all ep-
oxies). Use rubber gloves all the time and 

• Thicksotropic. Denotes a thick consistency that does 
not easily run off inclined surfaces. It is not quite the 
same as high viscosity as that term describes a phe-
nomenon related to friction due to movement. 
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work only in well-ventilated areas. 
The recommended ratio of resin to hard-

ener is 7:1 by weight. It isn't too critical, how-
ever, so an ordinary household scale will 
weigh it accurately enough. In general, add-
ing more hardener decreases both pot life 
and viscosity; neither effect is very desirable. 
However, when working with the material 
on cold clays the ratio can be changed to 
5:1 lo maintain a viscosity that can be more 
easily worked. Pot life is increased by lower 
temperatures so two hours of pot life are 
still available. 

The resin is sold in 5-gallon cans. Depend-
ing on how carefully it is used, anywhere 
from 5 to 7 gallons are required for the com-
plete parabolic reflector. I recommend that 
you get an extra can of hardener since it 
seems to get used faster than the resin; the 
hardener is shipped in one gallon cans. Cost 
of the epoxy is $9.62 per gallon. 

the pattern 
The first step in the construction of any 

parabolic reflector is the creation of a pat-
tern that is used as a reference surface. I 
made my pattern out of plywood, window 
screen and concrete as these are inexpensive. 
The pattern is hollow and the concrete is 
about one inch thick. About 5000 pounds of 
concrete are required (about 1 cubic yard), 
so it is best to buy it already mixed. I didn't 
realize how much was required and bought 

fig. 1. This sketch shows how you can generate a 
parabolic curve using a piece of string. In this draw-
ing, A I A ' - B • B ' -- C • C , etc. 

it by the bag. This resulted in a lol of work 
and was actually much more expensive than 
it would have been if delivered ready-mixed 
from a truck. 

The first step is to clear out a large flat 
area (I used my garage). Cast a 1 '/2-inch di-
ameter pipe in concrete in the center of the 
area. This is the minimum thickness pipe 
lhat can be used as the center of rotation 
for a parabolic ruler that is to define the 
parabolic surface. Thinner pipes bend too 
much. The pipe should be filled with con-
crete to stiffen it oven more. 

Partially finished pattern. 

Next make a parabolic radius ruler from 
3A-inch thick plywood. The curve can be 
generated numerically or by means of a 
string, using the definition that a parabola is 
equidistant from the focal point and a 
straight line (called the directrix) that lays 
behind the parabolic curve. 

Attach the radius ruler to two bearings a! 
least two feet apart; make sure the bearings 
fit the center pipe tightly. Also, make abso-
lutely sure that the bearings are perpendicu-
lar to the radius ruler. When the ruler is at-
tached to the center pipe, it should be stiff 
enough so it doesn't deflect more than '/a 
inch when a 10-pound force is applied to 
the end of it. 

By rotating the radius ruler 180° around the 
pipe and taking height measurements against 
a true horizontal line, any errors from a non-
parabolic curve can be found and corrected 
before further work is done. It's all right if 
the axis of rotation (the center pipe) is not 
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quite vertical, but it must be perpendicular 
to a tangent drawn to the parabolic curve 
in the center. 

Next cut 32 plywood radius sections ap-
proximately parabolic in shape but about '/? 
inch less than the height to the radius ruler 
from the floor. Sixteen of these sections 
should be cut for the full radius of the dish; 
the other sixteen should be only half as long 
and are placed around the rim of the pattern 
as shown in the photo. 

The '/2-inch height difference between the 
plywood pattern and the parabolic ruler is 

Friend Mike Mikalides smears concrete on the 
pattern while WB6IOM handles the ruler. 

adequate since the weight of the concrete 
causes some sagging between pattern sec-
tions and results in a mean concrete thick-
ness of about 1 inch. 

Anchor the plywood sections logether 
wilh nails and short sections of 2x4*s. Start-
ing at the center, run steel wire around the 
pattern every 3 inches of radius and tighten 
by wrapping it around nails in the plywood. 
Cover the pattern with window screen and 
nail it to the plywood. Finish only about 
half of the total radius at (his time so the 
center of the paltern is still accessible. 

Starting from the center toward the out-
side, put wet concrete on the window screen 
and smooth it out with the radius ruler. Use 
gravel filled concrete for the initial pass and 
fine concrete for the top surface. Be careful 
not to produce excessive wear on the ruler 
by "grinding" with it. Stop when about one-
third of the total radius is smooth; repeat the 
process on following weekends for the rest. 

Add window screen and steel wire as you 
expand the concrete covered area toward 
the rim. After the concrete surface is fin-
ished, use plaster of Paris or similar materials 
to smooth out the concrete by hand and ob-
tain a shiny surface without a sandy appear-
ance. Remove the parabolic radius ruler. 
Now paint the pattern so it is dust free and 
smooth. It is now ready to be used. 

etching the aluminum 
The aluminum used for the faceplates of 

the sandwich must be chemically etched to 

Closeup oi the pattern showing 
plywood ribs and window screen. 

assure good quality bonds. The aluminum 
honeycomb should be elched also; how-
ever, the material delivered to me by Hexcel 
was found lo be adequate for bonding with-
out an etching process. The epoxy bond lo 
ihe honeycomb is naturally stronger anyway 
because of larger area and edge roughness 
of lhe honeycomb. It's a good idea to make 
a couple of trial bonds with your material to 
check for any problem in this area. 

The 1x2-fool aluminum sheets are etched 
in a chromic acid solution at a lemperature 
of approximately 120° to 150° F. This size 
represents the largest faceplate that can be 
made to conform lo the curvature of this 
reflector. If you plan to make a different size 
dish, or different f/d ratio, it would be a 
good idea to experiment with the size of the 
sheet on the pattern lo determine the best 
size. The 1x2-foot size is not too large to be 
etched in a 32-gallon polyethylene trash can; 
in fact, up to three sheets can be etched at 
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one time. Two trash cans, one inside the 
other, are required for safety and rigidity. 

Fill the trash can about half full with regu-
lar tap water and slowly add the sulfuric 
acid. Then dissolve the sodium dichromate. 
The healer for the solution is made from 
number 18 teflon hookup wire. The length 
of the wire is adjusted to absorb about 300 
watts from a low-voltage filament trans-
former. Time to reach temperature equilib-
rium is about 8 hours, so power should be 
applied the evening before for use the next 
morning. 

The chromic acid etching solution is not 
loo dangerous but rubber gloves should be 
used while working with it. Safely goggles 
are a good idea too and at least regular eye 
glasses are required. The solution is about as 
potent as battery acid but it is poisonous due 
to the chromate content. Do not do any 
etching in an enclosed area. 

The aluminum sheets should be immersed 
for about three minutes each, or until there 
is clear evidence of etching. There is some 
bubbling action but it is much milder than a 
caustic etch. Don't substitute a caustic etch-
ing process for the chromic acid; it does not 
leave a clean surface. 

After etching, the aluminum sheets should 
be placed in a small children's swimming 
pool (hat is supplied with a continuous flow 
of lap water. After rinsing for a few minutes 
the sheets can be removed and hung up in a 
vertical position to dry. After drying the 
sheets may be stored for later use, bul don't 
gel any grease or fingerprints on them. 

bonding the faceplates to the core 
Bonding between the three components 

is done on the plywood-concretc pattern. 
One side is bonded to the honeycomb core 
at each session. The top faceplate is bonded 
in place only after the bottom faceplate has 
had lime to cure (about two days at 70° F. 
for full hardness). The maximum number of 
faceplates that can. be worked in one session 
by a single worker is 8. Ii's a good idea to 
start out with fewer faceplates al first to gain 
experience so that the epoxy does not start 
to cure in the middle of a bonding session. 
The pol life of the epoxy is about two hours. 
Bonding 8 plates requires about 2 pounds of 

epoxy. 
The following explains the necessary pro-

cedures in detail. I highly recommend that 
this procedure be followed religiously as I 
cannot possibly cover all the possible pit-
falls thai might occur with another ap-
proach. The dish should be built up from 
the center toward the rim, and then ex-
panded in both circumferential directions 
until the ends meet. 

1. Place newspaper on pattern surface and 
tape together with masking tape. Tape ends 

Completed installation shows rear 
frame attachment points. This photo 
was taken before the feed was in-
stalled. 

of newspaper to pattern. Newspaper area 
must be slightly larger than area lo be 
worked that day. The newspaper will act as a 
"mold release" so that the finished dish does 
not stick to the pattern. 

2. Run masking tape down one side of the 
first faceplate sheet. Use tape at least one 
inch wide and center the edge of the sheet 
on ihe masking tape. Apply a thin coating of 
epoxy along the edge of the aluminum sheet 
(about 2 inches wide) with a putty knife. 
The epoxy is applied lo the side that is to be 
face up; the masking lape is applied lo the 
side facing the pattern. With experience you 
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can judge the thickness of the coating by 
the deep red color of the epoxy. 

3. Take the second faceplate sheet and press 
it against the masking tape, allowing for a 
sheet overlap of approximately 1 inch. Con-
tinue to add faceplate sheets in this way 
until the area to be worked that day is 
finished. 

4. Tape the aluminum sheets down against 

newspaper and the pattern in a few spots 

to prevent them from sliding. 

5. Apply epoxy to the entire area. 

6. Cut a piece of honeycomb that will 

leave the outer 2 inches of the aluminum 

sheet free. The honeycomb can be cut with 

ordinary household scissors. 

7. Press the honeycomb against the alu-

minum sheet and move it back and forth 

about V4 inch to make sure the edge is well 

covered with epoxy. 

8. Place bricks around the outside edge of 
honeycomb to apply pressure uniformly 
around the edge. This should result in com-
pression throughout the area. If not, add 
bricks as required. 

9. Remove all epoxy from the sheet metal 
not covered by honeycomb core (use a putty 
knife). A clean edge is required to facilitate 
bonding of the adjacent area. A particularly 
troublesome area is where the aluminum 
sheets overlap. After cleaning this area, place 
a small piece of masking tape over it to keep 
the sheets in compression. 

10. Inspect the honeycomb fillets to make 

sure that the honeycomb is bonded through-

out. The center is sometimes troublesome, 

but the edges cause the most problems. If 

the honeycomb is not in compression here 

it makes bonding of adjacent areas very dif-

ficult as there is a discontinuity in height of 

the sandwich. If any areas are found that do 

not have sufficient epoxy it can be added 

at this time. 

11. Let the epoxy cure. Tools and hands 
can easily be cleaned with alcohol. How-
ever, fully cured epoxy cannot be dissolved 
with alcohol. 

12. (At least two days later.) Remove bricks. 
Coat the appropriate number of faceplate 
sheets with epoxy and press them onto the 
honeycomb. Tape together with masking 
tape. Overlap between sheets should be 
approximately 1 inch. Leave approximately 
one inch of honeycomb around the periphery 
of the sandwich uncovered. 

13. Tape the sandwich down to pattern to 

avoid sliding and cover it with newspaper. 

Place rubber mats over the entire honey-

comb area and cover entire area with bricks 

(small ends down to get the most pressure 

per unit area). If necessary, tape the bricks 

down to avoid sliding. 

14. (At least two days later.) Remove the 

rubber mats and newspaper and proceed to 

an adjacent area. Remove all masking tape 

under the new area to be worked and start 

at step 1 . 

table t. Materials and tools required for constuct-
ing a 16-foot reflector. Construction materials include 
ample reserve for normal waste. Pattern material and 
rear frame not included. 

construction materials 

300 square feet 3/4-inch A C G aluminum honeycomb 
core, 1-inch high; Hexcel Products, Inc., Havre de 
Grace, Maryland 

500 square feet ,008-inc'n aluminum sheet, 1100H18 
alloy cut into 1x2-foot pieces 

10 gallons 88-110 epoxy, part A and B; General Ad-
hesive and Chemicat Company, Nashville, Tennessee 

10 square feet of fiberglass mat for rear frame attach-
ment 

tools and disposable materials 

5 gallons sulfuric acid 

10 pounds sodium dichromate 

100 standard 5 pound bricks 

8 rubber mats, V.-inch thick, each 2 square feet 

2 polyethylene trash cans, 32-gallon 

1 small plastic children's swimming pool 

denatured alcohol for cleaning tools and hands 

scale for weighing epoxy (will be ruined sooner or 
later) 

large metal shears 

quantities of old newspapers 

low voltage transformer (5 to 10 V), 300 W or more 

100 feet number 18 teflon insulated wire 

rubber gloves, masking tape and putty knives 
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When placing the tap sheet of the sand-
wich over adjacent honeycomb areas (areas 
(areas that were worked in two different 
days) sometimes the sheet will not lay flat 
because of height differences (see step 10 
above). If this happens, the higher core male-
rial can be cut down until the faceplate sheet 
lies flat. 

Adjacent honeycomb cores should be 
meshed as well as possible. There should 
never be a gap between sections. If a gap 
occurs accidentally, it can be filled by a 
small piece of honeycomb liberally coated 
with epoxy. The small piece can be com-
pressed while cutting it to the height of ad-
jacent sections. The honeycomb core sections 
should be placed in an irregular fashion on 
the pattern so that gaps between sections 
do not run the full length of the dish. 

I cannot overemphasize the importance 
of using as little epoxy as possible to bond 
the faceplates. The weight of the epoxy is 
the largest single contributor to the final 
weight of the structure. The 10-mil coating 
applied to the faceplates weighs 60 pounds. 

Just after removing the 230-pound re-
flector from the pattern—now to put it 
on the roof I 

> • 

'\m/ \ 
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Any other unusual additions of epoxy to 
cover gaps between honeycomb areas, to 
finish the rim of the dish, etc., add to this. 

The epoxy contributes very little addi-
tional rigidity to the structure and by its 
weight does more harm than good. It is also 
expensive. A coaling as low as 5 mils is suf-
ficient for bonding but it is difficult to 
achieve a sufficiently uniform coaling at that 
thickness. I suggest you keep a running es-
limade of the total amount of epoxy used 
vs dish area covered to maintain control 
over dish weight and the epoxy necessary 
to finish the project. 

Closeup of the x-shaped rear frame 
and llower gimbal bearing. 

the rear frame 
After the reflecting surface is finished the 

rear frame should be attached while the dish 
is still on the pattern. This defines the posi-
tion of the attachment points with respect 
to the backup frame. 

The frame should be rigid with respect to 
the forces to be expected from gravity and 
wind loading. For a 16-foot reflector, a 50-
potind force applied to any end of the four-
point frame should not cause more than 
1/16-inch movement. The frame I used 
weighs about 40 pounds and meets the ri-
gidity requirements. 

Bearings made from standard plumbing 
components are attached to the ends of the 
fiberglass tube. O n the reflector end these 
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consist of one-inch pipe flanges screwed 
into a wood plug that is epoxied to the 
fiberglass tube. On the gimbal end two-inch 
pipe flanges are used; six-inch long pipe 
nipples are screwed into ;hese flanges. These 
nipples rest on the one-inch pipe flanges on 
the reflector frame. For safety, a two-inch-
long one-inch nipple is screwed into each of 
the one-inch pipe flanges on the frame. This 
makes a crude but adequate bearing for the 
loads encountered. 

The points of the dish used for cach ing 
the frame should be well cleaned with coarse 
emery cloth just prior to bonding. To dis-

maintain access to the center hole for the 
sleerable feed arrangement. 

removing the dish from the pattern 
Four or five workers are required to lift 

the dish off the pattern. Pick it up at the 
rim. After removing it from the pattern you 
can remove all the newspaper still attached 
to the bottom. The dish is light enough to 
be placed onto the roof without the help of 
a crane. The high end of my gimbal is 23 
feet above the ground but five people were 
able to mount it under winds of approxi-
mately 15 mph. 

tribute the windloading forces, a minimum 
of 0.5 square feet is required for each of the 
attachment points. Each of the attachment 
points may be broken up into three smaller 
areas—I did this to use the two-inch di-
ameter honeycomb tubing I had available. 

Use a putty knife to apply a thin coat of 
epoxy to the frame and the dish surface. 
Then apply a thick layer of epoxy-coated 
fiberglass matting between the dish and the 
frame member and keep it under compres-
sion until the epoxy cures. You may want to 
add more epoxy to the top of the fiberglass 
(surrounding the frame member) to increase 
its stiffness. 

I didn't attach the rear frame to the exact 
center of the dish because I wanted to 

The dish should be painted a lusterless 
white to partially eliminate reflecting the 
sun into the feed. Since this dish has a solid 
shiny surface it could produce undesirable 
healing of the feeds in the daytime. Also, it 
could be hazardous working around the focal 
plane while making sun noise measurements. 

Accuracy of the reflector appears to be 
better than Va-inch rms. This is good 
enough for full gain use up to 3300 MHz, and 
the dish should still have considerable gain 
at X-band. 

the mount 
The drive and counterbalance disk I use 

with the "16-fool reflector can be seen in the 
photographs of the completed system. The 
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disk is in the form of a half circle with a 
radius of 50 inches, and is made from 3/4-
inch exterior grade plywood. The edge of the 
disk is lined with a deep metal channel, 3/4-
inch wide. This channel guides a half-inch 
nylon rope (available at boating stores) 
around the circumference of the counter-
balance disk. The nylon rope also runs once 

widely spaced calibration points are very 
helpful. 

Counterbalance for the reflector is provided 
by nine common red bricks. Six of these bricks 
are strapped to the center of the drive disk 
and three are mounted at the lower end of 
the fiberglass tube. These sveighls provide 
balance for all positions of the large reflector. 

Polar-mounted 16-foot parabolic reflector is to the right. The commercial 10-foot dish in the az-el mount to the 
left has been used for successful two-way moonbounce contacts with G3LTF and W2NFA. 

around a half-inch bolt—between two wash-
ers. When the washers are clamped together 
with a nut, the dish is locked into position. 
When the dish is "parked," it is held by a 
safety chain since the nylon is not intended to 
lock the dish in high winds. 

The drive disk is attached to one of the 
cross members of the reflector's rear frame 
(see photo) and is held in the polar plane 
with guy wires. The edge of the drive disk 
is marked with hour-angle calibrations. The 
large circumference of the drive disk results 
in almost one inch per degree for these im-
portant calibration points. As I pointed out 
earlier, large reflectors must be pointed very 
accurately for maximum performance, so 

All the structural members of the polar 
mount I used are either 6x6- or 4x6-inch 
Douglas fir timbers. Roof loading is minimal 
since the vertical members of Ihe mount go 
through the roof to the floor of the garage. 
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Replacing hot tubes | 

with cool transistors | 
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Large quantities of military surplus radio 
equipment became available shortly after 
World War II, and amateurs have made ex-
tensive use of the many high-quality pieces. 
Some of the equipment was used without 
conversion or modification, some was used 
as a source of excellent precision com-
ponents, and some was altered for use in the 
amateur bands. One of the most popular 
pieces of military surplus is the low-frecjuen-
cy receiver designated BC-453 and common-
ly called the Q5er by many hams. Many ar-
ticles on conversion and use of this receiver 
have appeared in radio magazines. 

When the command receivers first ap-
peared on the surplus market, the value of 
the BC-453 was not recognized. Some deal-
ers offered this model as a free bonus with 
the purchase of one of the others in a set. 
However, when it was shown that it could 
be easily added to an amateur communica-
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lions receiver to greally improve selectivity, 
the popularity and price of the BC-453 im-
mediately increased. This use was responsi-
ble for the origin of the term Q5er. The his-
tory of the command set series has been re-
viewed by White;1 a typical schematic and 
coil data are included in the review. 

conversion to solid state 
About five years ago I considered replac-

ing the tubes in the BC-453 with transistors. 
An experimental model was converted with 
excellent results. The total power consump-
tion was less than that required to operate 
the heater of one of the tubes in the original 

RF AMPLIFIER MIXER OSCILLATOR 

C I 690 pF total including 20 pF variable 15 turns no. 30 next to L4 

L2 10 turns no. 30 next to L1 16 5 turns no. 30 next to L7 

fig. 1. The rl amplifier and frequency-converter stages used in tho solid-state GtSer. The biggest modification 
task was adding tho coupling coils to provide a correct impedance match to the transistors. Paris marked with 
an asterisk ore original BC-453 components. 

This solid-state QSer draws less 
current than one of the tubes in 
the original version. 

model. The conversion circuit was the sub-
ject of a MARS tech-net program in Decem-
ber 1964. The initial model involved alter-
ing the rf and i-f coils by adding windings 
to obtain a favorable match for the transis-
tor low-impedance input. Although not con-
sidered difficult, modification of the coils is 
not a task to be undertaken by anyone with-
out radio construction experience. 

A second unit was converted, and on this 
model the rf and i-f coil locations on the 
original chassis were not changed. Circuit 
diagrams of this model are shown in figs. 1, 
2 and 3. Minor modifications were easily 
made to the rf coil assembly, and a capaci-
tive divider was added to each of the i-f 
cans to provide an impedance match for 
the i-f transistors and the detector input. 
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fig. 2. The i-f strip. A capacitor divider was added to the transformer secondaries (details and values for " C " 
are given in fig. 4.) T1, the first i-f can is coded red; T2, yellow and T3. blue. 

rf, mixer and oscillator 
The rf-amplifier transistor is used in a 

grounded-base circuit (fig. 1), because neu-
tralization is usually not required, and mod-
erate gain is available. A ten-turn coil, wound 
on the form and positioned close to the 

Under-chassis view of the 
Q5er; solid-state audio section 
is to the rear. 

i-f amplifier 
The circuit for the i-f amplifier is shown 

in fig. 2. Modification of the i-f transformers 
is simple, and the same change is made in 
each unit. Addition of a 20-pF capacitor in 
parallel with the original (180 pF) and a 
0.002-pF disc capacilor in series with the 
total 200 pF provides a convenient tap for 
the impedance match and retains the effec-
tive 180 pF required to tune each coil to 85 
kHz. The modified coil circuit arrangement 
is shown in fig. 4. The three i-f transformers 
are identical, except that the primary and 
secondary of the first i-f can are not tapped. 

detector and bfo 
The detector and bfo circuit is shown in 

fig. 3. The detector is a type suggested by 

Top view of the Q5er shows 
the battery-pack power supply 
and transistor layout. 

original input coil, provides the low-imped-
ance source to drive the emitter of the input 
transistor, Q1. Another small coil (15 turns) 
added to the rf amplifier coil provides drive 
to the mixer, Q2. 

The oscillator transistor is a 2N384. Other 
high-frequency types may be used, but I 
found that this transistor produces an excel-
lent sine wave of nearly equal amplitude 
over the frequency range covered. A five-
turn pick-up coil is added to provide drive 
coupling to the mixer emitter. 
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BFO 85 kHz 

fig. 3. Bfo and de-
tector. Sufficient sig-
nal is available to 
drive a simple two-
stage audio amplifier. 
Parts marked with an 
asterisk are original 
BC-453 bfo compo-
nents. 

EMITTER FOLLOWER 

fig. 4. BC-453 i-f 
transformer detail. 
Original is shown in 
A. A series-parallel 
capacitor arrange-
ment was added in B 
to provide an imped-
ance match to follow-
ing stages. 

m 

Stoner2 and works well with a-m, cw and 
ssb. Detection of cw and ssb signals requires 
injection of a signal from the bfo. 

The audio signal at the detector output is 
sufficient to drive a simple amplifier. A sin-
gle voltage-amplifier stage followed by a 
power amplifier will provide adequate gain. 

an fet version 
The availability of field effect transistors at 

prices competitive with bipolar transistors 
added new interest toward converting the 
BC-453 to complete solid-state. Since the fet 
is considered to be a solid-state counterpart 
of the vacuum tube, the possibility of mak-

fig. S. Rf, mixer and local oscillator using fets. The BC-453 coils were used without change in this version. 
Coils L1 through L6 are original BC-453 coils. 

RF AMPLIFIER 

Sk iRFOVNl 
-w* -o+tzv 

MIXER 

Ok l-F SAIN 
O+tZV 

INPUT FROM 
CONVERTER 

O 

L21 
li* y 

too CI 

i s * V L x 

C1 

j>—u C* 

A? /T7 m m m m m m 

690 pF total, including 20 pF variable C2 

; l«* 

03 
TIS34 

m 

- t 

cc 

m 

gimmick, approximately 1 pF (2 pieces 
hook-up wire twisted over 1 Inch) 
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I-F I SOURCE FOLLOWER 

r n m r f r 

Q INPUT FRO« MOCER 03 

fig. 6. The fet i-f amplifier. T1, T2 and T3 are the original BC-453 85-kHz i-f transformers; capacitors labeled C 
are the 180-pF trimmers in the i-f cans. 

ing the modification without coil alteration 
was investigated. Again, the conversion was 
easily made, and results were excellent. The 
fets are the one-dollar variety (TIS34). The 
circuits for the fet model are shown in figs. 
5, 6 and 7. It should be noted that the origi-
nal coils are used without alteration. Future 
plans include the addition of avc, noise lim-
iter and a Q multiplier. 

mosfet converter 
Fig. 8 is a schematic of a frequency con-

verter for the 75- and 40-meter bands. This 
unit uses one of the new mosfets, and more 
than enough gain is available. Strong signals 

are easily copied without an antenna (re-
ceiver case removed). 

Some models of the BC-453 have an rf can 
containing only one winding, which is con-
nected to the antenna post through an 11-pF 
coupling capacitor. In this case, the convert-
er mixer drain load may be replaced with 
an rf choke and the mixer output taken from 
the drain side (conventional capacitive 
coupling). 

The 3500-kHz crystal may be changed to 
suit individual needs or availability. A mili-
tary surplus 3450-kHz crystal is a good sub-
stitute. With this crystal, the 75-meter phone 
band tunes from 350 to 550 kHz, and the 

EMITTER FOLLOWER OETECTOR 

fig. 7. An fel is substi-
tuted for the 2N1306 bfo in 
this version. Remaining 
stages are identical to 
those in fig. 3. Original 
BC-453 parts are marked 
with an asterisk. 

Of ]20k AUDIO 
I OUTPUT 

Q INPUT FROM I-F, 06 
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MIXER CRYSTAL OSCILLATOR 

CI , C2 dual 365-pF variable L3 

L I , L2 7 /iH. 26 (urns no. 26 on 3/8" form, spaced T1 
1 inch, antenna tap at 5 turns 

0.2 /;H. 10 turns no. 20 on 1 W resistor 

BC-453 antenna coil 

fig. 8. Mosfet converter (or 75 and 40 meters. 

40-meter phone band tunes from 300 to 400 
kHz. The crystal oscillator circuit produces 
many usable harmonics and has been used 
to provide a 144-MHz signal from an 8-MHz 
crystal for receiver tests. 

Band changing is accomplished by mere-
ly adjusting the 365-pF tuning capacitor. 
With the coil values indicated, 75 meters 
peaks when the setting is approximately at 

This repackaged version of the solid-
state OSor has a built-in 75- and 40-
meter converter. A front view of this 
model is shown an page 20. 

280 pF, and 40 meters is in tune at a setting 
of 75 pF. YVWV signals at 10 MHz may be 
copied at 350 kHz on the dial if the capacity 
is decreased to about 20 pF (3450-kHz crystal 
in the converter). 

caution note 
Extra precaution should be used when 

working with mosfets, since static charges 
can easily deslroy some of the junctions. 
The units are sold with all leads in contact 
—usually held by a small eyelet. The mos-
fets may be handled without extreme cau-
tion if a fine strand of bare wire is wrapped 
around all the leads near the case before re-
moving the eyelet. The wire may be removed 
after the unit is in the circuit. 

I hope these conversion suggestions will 
stimulate new interest in the BC-453 and 
perhaps add life to the units considered part 
of the usual junk box. Use of integrated cir-
cuits in a fourth unit is currently in progress. 

references 
1. Gordon E. White, "Command Set Receivers For 
Al l Frequencies—The Easy Way , " CQ, January 1967, 
p. 21. 
2. Stoner and Earnshaw, "The Transistor Radio Hand-
book," Editors and Engineers, tit/., 1963, Summer-
land, California. 
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distortion 
in 

fm systems 

Adjustment of receiver 

and transmitter for 

optimum performance 

in the fm mode 
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There has been considerable interest recently 
in popularizing fm on the two- and six-meter 
bands. Commercial equipment, obsoleted by 
F C C rulings requiring narrower frequency 
deviation, has been adapted by some ama-
teurs. Others have modified their a-m equip-
ment for fm with varying degrees of success. 

Adapting a-m transmitters for fm general-
ly consists of frequency modulating a vfo 
and operating the following stages in class C. 
For receiving, slope detection is used, or a 
discriminator is substituted for the a-m de-
tector. 

Whether you use modified commercial 
equipment or adapt your a-m set for fm, 
there are some fundamental concepts that 
should be observed to avoid unsatisfactory 
performance when transmitting and receiv-
ing parameters haven't been standardized. 
The following is a review of causes of non-
linearities in fm systems, using both modi-
fied a-m receivers and discriminators. A dis-
cussion is also presented on adjusting fre-
quency deviation in fm transmitters. 

slope detection 
Consider first the use of an a-m receiver 

for the reception of fm signals. Fig. 1 illus-
trates the principles. In the example shown, 
the receiver is tuned to a lower frequency 
than the received signal's resting frequency. 
(The receiver could have been tuned to a 
higher frequency.) The resting frequency is 
at the center of the linear portion of the re-
ceiver's rf/i-f selectivity curve. When the 
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transmitter is modulated, its carrier will shift 

above and below the resting frequency at a 

rate determined by the modulating frequen-

cy. This is known as frequency deviation. 

If the modulation is sinusoidal, one com-

plete cycle will appear as in B of fig. 1. A 

zero-center millivoltmeter connected across 

the diode-detector load resistor of an a-m 

receiver tuned as in fig. 1A would indicate a 

pattern as shown in fig. 1C for the period of 

time depicted in figs. 1B and C. This corres-

ponds to one complete cycle of the modulat-

ing frequency. Also, of course, it's the same 

as one complete cycle of the demodulated 

fig. 1. The relationship be-
tween transmitter frequency 
deviation and the demodu-
lated audio signal. Usable 
audio signal is a linear tunc- g 
tion of transmitter frequency £ 
deviation. Sf 

SELECTIVITY CURVE ONE CYCLE OF AUDIO 

fig. 2. Effect of tuning the receiver to 
the center of the response curve. Note the 
flat top and extreme nonlinearity of the 
demodulated af signal. 

SELECTIVITY CURVE 

ONE CYCLE OF MODULATING AUDIO 

audio-frequency signal available at the re-
ceiver output. 

If the input signal were redrawn to show 
only one-half the frequency deviation, the 
audio signal amplitude would be one-half its 
original value. From this you may draw the 
conclusion that an a-m receiver, correctly 
tuned and with a specific frequency response 
(selectivity) curve, will develop an undistort-
ed audio signal that varies directly as the fre-
quency deviation of the transmitted signal. 

incorrect tuning 
Two cases of incorrect tuning are depicted 

in figs. 2 and 3. The first shows a signal 

tuned too far down on the slope of the re-

sponse curve. This has two effects. One re-

duces the amplitude of the demodulated sig-

nal; the other introduces some distortion in 

the audio waveform. If you tuned in the oth-

er direction; that is, too close to the maxi-

august 1969 (2J 27 



mum-signal (rf) portion of the selectivity 
curve, fig. 2 shows what happens. Not only is 
the audio amplitude quite reduced, but a 
distressing degree of distortion appears. 

So far, we've dealt only with a receiver 
having a rather broad, gently-sloping selec-
tivity curve. Very few presently manufactur-
ed receivers for amateurs fall into this classi-
fication. Most such receivers have selectivity 
curves resembling that of fig. 4, with many 
coming quite close to the ideal flat-nosed, 
vertical-sided curve. If the curve has a rea-
sonable slope, very narrow frequency devia-
tions can be received quite well, but any wide 
deviation or incorrect tuning will cause seri-
ous distortion. 

summing up 
Slope-detection characteristics may be 

summarized as follows: 

1. For other than narrowband fm, an a-m re-
ceiver selectivity curve should have a shal-
low slope. Its major portion should be free 
of abrupt change. Ideally, it should be 
straight. 

2. If the receiver has a straight slope for a 

major portion of its selectivity curve, the re-

ceiver should be tuned so that the resting 

frequency of the incoming fm signal is in the 

center of the linear portion. 

3. Thus tuned, the amplitude of the demod-
ulated audio signal will vary directly as the 
deviation; the greater the deviation, the 
louder will be the audio. 

4. Incorrect tuning (to either side of opti-
mum) causes distortion. 

5. Even with optimum tuning, excessive fre-
quency deviation (for a given slope) will 
cause distortion. 

6. For acceptable results, the transmitter fre-
quency deviation must be compatible with 
the receiver slope characteristic. In other 
words, just any receiver will not be satisfac-
tory with just any transmitter. 

7. The more selective the a-m receiver (that 

is, the more nearly its selectivity curve ap-

proaches the flat-nosed, straight-sided shape) 
the less likely it will receive fm without dis-
tortion. 

the discriminator 
Let's now consider the discriminator, 

which is one of the most common means of 
converting fm to audio. Fig. 5A is a plot of 
voltage developed across a load resistor in 
the output of a discriminator. An rf signal 
is introduced on the y axis, fig. 5B, If its fre-
quency is constant, no voltage will be pro-
duced. If, however, you vary the frequency 
of the incoming signal, you'd find an output 
voltage whose magnitude and polarity are 
related to the deviation. The demodulated 
signal amplitude is not related to the ampli-
tude of the incoming signal. Note that the 
curve is linear over a major portion, which is 
the useful part. The nonlinear part would re-
sult in distortion. 

O n e important fact must be thoroughly 
understood at this point. The curve of fig. 5 
is the over-all rf performance characteristic. 
It is not the discriminator output versus dis-
criminator input, but the antenna input ver-
sus discriminator output. The total receiver 
selectivity curve must be considered if dis-

fig. 3. What happens when the receiver 
is tuned too far down on the response 
curve slope. Amplitude is reduced and 
distortion is introduced. 
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tortion is to be avoided. If the selectivity 

curve, up to the discriminator input, isn't 

flat-topped over a frequency range greater 

than that of the discriminator's linear por-

tion, distortion will occur when the incom-

ing signal has a bandwidth exceeding the 

flat-nosed part of the rf/i-f selectivity curve. 

Most good a-m receivers must have their 

i-f strips broadened to receive fm for the 

reasons stated above. The exception to this 

is receiving narrowband fm. Most vhf fm 

doesn't fall into this category, however. 

the transmitter 
For compatible fm, receiver and transmit-

ter must be matched. The exact task is to de-

sign an fm transmitter that conforms to pre-

determined standards. These usually apply to 

frequency deviation and its linearity. 

Deviation often depends on some arbitrary 

decision. For example, the FCC makes a rul-

ing, a group of amateurs concur on a stan-

dard for their net, or a M A R S director is-

sues a bulletin. Once the parameter has been 

set, it's up to the amateur to conform. Unless 

you have a commercially built deviation me-

ter, conformance can present a real problem. 

You might obtain the services of a specialist 

in the commercial fm field. Get him to ad-

just your transmitter, then leave the controls 

alone. Especially, don't take the advice of 

well-meaning hams who may not know all 

the answers. 

fig. 4. Typical 
response curve of 
many commer-
cially manufac-
tured amateur re-
ceivers. Tuning is 
generally critical, 
however, if the 
fm signal has a 
rather large fre-
quency deviation. 

FREQUENCY 

dc method for deviation adjustment 
To do this properly, you should have a 

peak-reading vtvm and a precision frequen-

cy meter. A steady voltage of one polarity is 

applied to the frequency-shifting circuit. The 

voltage is changed in small increments, the 

resulting frequency change is noted, and a 

plot is made of frequency deviation versus 

voltage. The polarity is reversed, and the pro-

cedure is repeated. The two plots should 

coincide exactly. 

From these plots, the exact peak-to-peak 

input voltage is found that produces the 

fig. 5. Typical fm discriminator curve. 
The demodulated af voltage amplitude 
is a function of the frequency deviation, 
not the amplitude of the input rf signal. 
Note the linearity, which gives undis-
torted output. 

ONE CYCLE OF MODULATING AUDIO 

specified bandwidth. Then the audio circuit 

is adjusted for the same peak-to-peak volt-

age, and the control is locked. This proce-

dure also takes care of the second standard: 

deviation linearity. 

closing note 
A review of the amateur literature on con-

verting to fm has, with few exceptions, over-

looked the considerations treated in this ar-

ticle. I hope the ideas presented here will 

encourage a more straightforward approach 

to the adjustment and operation of fm 

equipment. 

ham radio 

august 1969 g f l 29 



simple 
frequency-divider 

calibrator 
using 

mos ic's 

Mosfet's have been 

used in many amateur 

rf amplifier designs-

here's a 

different application 
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The metal oxide silicon field-effect transistor 
(MOSFET), also called MOST, is now avail-
able at moderate cost after extensive devel-
opment. One of its more common appli-
cations is in the computer field, where it is 
being used in large-scale integration (LSI) 
circuits. The development of LSI arrays has 
brought forth several varieties of the MOST. 
For example, you can now obtain a single-
chip device with a 1024-bit memory stor-
age.1 Or you can buy a MOST chip as simple 
as a three-input gate in one TO-5 package.2 

Amateur ingenuity has produced MOST 
converters and other receiver front-end de-
signs.3-7 This article is another contribution 
to amateur application of solid-state devices 
—a frequency calibrator using several 
MOST's to produce a 100-kHz signal plus 
four submultiples. Construction is not dif-
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ficult, but you should observe experience-
proven techniques for handling and mount-
ing the devices. Some tips on this are given 
in the following discussion. 

the oscillator-buffer section 
A three-input NOR gate (Philco pL4G04) 

is used in this circuit. 
It could be termed a 
MOS array, since it con-
sists of three p-chan-
nel enhancement-mode 
MOST's on one chip. Its 
internal circuit is shown 
in fig. 1. 

The gate and drain 
leads of each transistor 
are brought out sepa-
rately on the eight-lead 
TO-5 package. The 
sources are common 
and are tied to pin 6. 
The remaining pin (8) is 
connected to the sub-
strate. Since these MOST 
devices are p-channel 
types, the power supply 
(Ed d) must be negative; 
—12 volts are used. Each 
MOST operates in the 
enhancement mode. 
This means that I d s s -

which is the drain cur-
rent flowing when gate 
and source are con-
nected, is nearly zero. 
Any gate must be nega-
tive with respect to its 
source before conduc-
tion begins. This is 
one of the nice features 
of enhancement-mode 
MOST's. They are self-
biasing, like the zero-
bias triodes that are so popular in amateur 
linear amplifiers. 

Two of the MOST's in the pL4G04 are 
wired as an astable multivibrator; a crystal 
and capacitor in series replace the usual 
cross-coupling capacitor. This crystal-con-
trolled multivibrator then becomes our fre-

quency standard. The remaining MOST is 
used as an isolation amplifier. 

divider and shaping circuits 
Following the oscillator-buffer is another 

MOST IC containing four binary divider 
stages and four inverting buffers (one for 

1,3,4 

(3) 

i 

pL*004 (PHILCO) 

o 

<5> 

i 
0 

SOURCES ® SUBSTRATE 

o 
fig. 1. Three-input NOR gate used at tha oscillator-buffer. Logic and pin 
diagrams ara shown in (A) ahd (B). Internal circuit (C) shows protectiva 
snubbing diodes. The first two MOST's in (D) form the 100-kHz standard. 

each divider), fig. 2. This IC is specifically 
designed for electronic organs, so its com-
mercial price is low. A data sheet is avail-
able from Motorola.8 

The desired output (100, 50, 25, 12.5 or 
6.25 kHz) is applied to a Schmitt trigger. 
This circuit shapes the signal to a near-per-
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feet square wave, thus increasing harmonic 
content. 

Whereas the p-channel MOST's (pL4G04 
and MC1124P) are relatively slow, the n-
channel MOST and npn bipolar transistor in 

construction 
Those who haven't used MOST's seem to 

be either completely unaware of their fragil-
ity or are afraid to touch one for fear of 
wrecking it. This is understandable, because 

fig. 2. The MOST IC used as a frequency divider. Logic has been modified for 
this purpose to obtain the fundamental 100 kHz and four submultiples. 

the Schmitt trigger will toggle above 100 MHz. 
Solid-state Schmitt triggers ordinarily use 

two bipolar transistors; this one uses one 
MOST and one bipolar device. The MOST 
in the input of the Schmitt trigger alfows it 
to be driven by the pL4G04 or MC1124P, 
which have high output impedances. The 
bipolar transistor on the output side has a 
much better saturation characteristic than a 
MOST, providing an output pulse approach-
ing an ideal square wave. Thus by combin-
ing transistor types, one can achieve better 
performance characteristics than by using 
only one pair of either type. 

early MOST's were indeed susceptible to gate 
burnout from electrostatic charges. This can 
occur from your body or from the polyfoam 
package material. However, most MOST IC's 
today have snubbing diodes between gate 
and source to prevent voltage buildup be-
tween these elements. The IC's in this ar-
ticle are of that type. The 3N128 in the 
Schmitt trigger is not, however, and it was 
handled by wrapping a fine wire around its 
leads. The wire was put on before the short-
ing collet was removed. The 3N128 was 
soldered into the circuit last, and the 110-
kilohm gate-to-source resistor was soldered 
into the circuit before removing the short-

fig. 3. Complete calibrator circuit. The 3N128 should be handled with care to avoid static charges from build-
ing up between source and gate; see text. 

-28.5V 
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fig. 4. Etched circuit board for the frequency-divider calibrator. 

ing wire. 
The complete calibrator schematic is 

shown in fig. 3. The pL4G04 and MC1124P 
were mounted in sockets, but sockets aren't 
absolutely necessary. If you'd like to include 
this refinement, the sockets I used were 

Nugent LP5178 and Methode M1141. The 
crystal is a Bliley glass-mounted type.* 

The frequency-adjusting capacitor is made 
by Trush, Inc., part number 7S-TRIKO 02. 

* Bliley BG9D, available from Red Johnson Electronics, 
•MO Pepper Street, Palo Alto, California. Price $5.00 pp. 

Component layout. 
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The circuit board, fig. 4, is designed espe-
cially to fit this particular capacitor. A ready-
made board, complete with parts, can be 
obtained if you don't wish to make your 
own board.** 

A single-pole, 5-position wafer switch, S1, 
selects the desired frequency. A suggested 
source is Mallory, part number 3215J. The 
two bypass capacitors, identified as "C" in 
fig. 3, aren't critical. Tantalytic or Mylar low-
voltage capacitors {0.1 to 20 mF) will work 
fine. 

A circuit for a regulated power supply is 
shown in fig. 5. The calibrator will operate 
for many hours on a battery supply, how-
ever. A Burgess number 4156 may be used. 

predictions for the future 
The first cut at the calibrator design used 

a Philco pL4SlO ten-input NOR gate, which 
has 22 leads on its small package. Only three 
of the ten gates were used. The complexity 
of such off-the-shelf IC's is an indication of 
how fast LSI components are becoming 
available to amateurs. The cost per gate of 

•• Project Supply Company, P. O. Box S55, Tempe, 
Arizona 8S281. 

Original version of (he calibrator, using a 
Philco ten-input NOR gate. Onty three gates 
were used for this application. 

this device is lower than that of the pL4G04, 
even though the flat-pack styles are gen-
erally more expensive than the TO-5 
package. 

Prices of MOST integrated circuits should 
decrease as competition increases among 
manufacturers. The electronic organ indus-
try indicates that something on the order of 
40^ per divide-by-two stage is the economic 
break point to justify the use of microcir-
cuits. It's almost a certainty that this figure 
will be realized next year. This should make 

fig. 5. Suggested power supply 
for the frequency calibrator. 

TRIM) F90X 
o N , «•", HEP156 

O - 2 2 3 V 
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the price about 80<* apiece for amateurs for 
1 to 99 pieces. This should undercut the 
price of even the inexpensive RTL IC's, which 
have gained popularity among amateurs.0 
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1968, Fairchild Semiconductor, 313 Fairchild Drive, 
Mountain View, California. 
2. Data sheet for Philco pL4G04, M-178, May, 1967, 
Philco Microelectronics, Blue Bell, Pennsylvania. 
3. Mike Goldstein, VE3GFN, "Bandswitching FET 
Converter," ham radio, July, 1968, p. 6. 
4. Don Nelson, "The WB2EGZ Six-Meter MOSFET 
Converter," ham radio, June, 1968, p. 22. 
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ingredients: 

Galaxy transceiver 
mobile power supply 
mobile mounting bracket and speaker 
Antenna Specialist M3D body mount 
Hustler foldover mast 

lustier resonator spring 
Waters loading coils and kilowatt tips 

Route the power-supply cable from the 
mounting position of the transceiver to the 
area near the battery where you're going to 
mount the power supply. Keep the power 
supply away from areas that retain heal; I 
mounted mine up toward the front and even 
had to reposition the horn. Route the cable 
neatly through cable hangers. 

Take the bottom plate off the power sup-
ply and connect the power cable as shown 
in the instruction manual. Check all connec-
tions before sealing the unit up again. Install 
the power supply in the spot you've chosen. 
Route the dc primary cables to the battery 
using the shortest path possible. Primary 
cables should be no longer than 4 feet. I ran 
mine in the cable channel between the radia-
tor and air conditioner. 
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Finishing the wire ends. 

Take a 20-fool length of good quality 
RC-58A/U coax (or RG-OA/U if you have the 
space) and route it from the front seat area 
to the back of the car where the antenna is 
to be mounted. You can remove paneling 
and covers to hide the coaxial cable—in the 
photo the cable is routed underneath the 
carpeting and behind the side panels. Be 
careful not to cut or pinch the cable when 
replacing the panels and protectice covers. 

Solder the uhf connector to the antenna 
lead; check the cable with an ohmmeter to 
make sure you haven't shorted it out. 

Now lay out the pieces of the M3D antenna 
mount and attach the center conductors and 
ground lead. Remove all the hardware and 
mark the fender for drilling. A Greenlee 
punch is handy for the large round center 
cutout. 

Punching the antenna-mounting hole. 

Above, mobile power supply 
and cable. Photo bolow shows 
routing of coaxial cable under 
side panels. 
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After the mounting hole 
is punched in the fender, 
put the mount together 
and screw in the mast, 
resonator spring, loading 
coil and tip. 

38 [J j august 1969 



Install the mobile mount. 

Put the M3D antenna mount together, 
screw in the mast, resonator spring, loading 
coil and tip. Your mobile antenna is now 
ready for tuning. 

Next, install the mobile mounting bracket. 
Be sure to try it out with the transceiver at-
tached before marking any mounting holes— 
try all dials, switches, ash trays and the glove 
compartment door to make sure they don't 
interfere with the chosen transceiver location. 

Connect the speaker, dc power cable and 
the antenna lead-in. Slip the transceiver into 
the mobile mount and run a ground line from 
the transceiver to the car body. 

I mounted the speaker enclosure and the 
microphone lo the bottom of the transceiver 
cabinet. This puts everything within easy 
reach when driving. 

After tuning up the antenna, I fired up the 
installalion and checked power output, swr 
and current drain under full load. Then I gave 
a call on 40 meters, and got a solid report 
from VV0CUS near Colorado Springs. The 
recipe was complete. I would like to thank 
Galaxy electronics for their help in putting 
together the ingredients for this recipe. 

ham radio 

Hook up all the cable t . 

Tha completed installa-
tion. 
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a new 
multiband 

quad antenna 

This driven array 

features several 

improvements over 

conventional quads 

for 

three-band operation 
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The cubical quad antenna has a reputation 
among amateurs for being an excellent DX 
antenna. Even after accounting for claims of 
over-enthusiastic quad users, the fact re-
mains that the cubical quad is an excellent 
low-angle radiator, especially where height 
is limited. 

Several ways to build multiband quads 
have been proposed. Some have proved to 
be practical and have become popular. All, 
however, are compromises in one way or 
another. Before describing the DJ4VM quad, 
which has been designed to exploit the best 
features of the quad antenna, I'll review the 
most popular designs and discuss their dis-
advantages. 

the multiband quad 
The most popular multiband quad design 

consists of nested loop elements on a com-
mon supporting structure. Each antenna for 
each band is supposedly independent, and 
all are fed with a common transmission line 
using a gamma matching system or other 
tricks. The disadvantage here is that the size 
of the structure, which is determined by 
the lowest-frequency antenna, is not fully 
realized on the higher-frequency bands. In 
the common 20/15/10-meter antenna, for 
example, the 10-meter loop uses only about 
25 percent of the available area. 
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forward field 
The forward gain of each of the three an-

tennas is expected to be the same as that 
of separate antennas of the same loop size. 
In concentric arrangements, however, the 
antennas interact. They exhibit spurious re-
sponses off the sides and to the rear. It is 
almost impossible to obtain more than 15 
dB front-to-back ratio in the 15-meter an-
tenna when loops are mounted concentri-
cally with 10- and 20-meter loops.1 

Investigations of single-loop arrangements 
have been made to simplify the antenna 
structure and take advantage of the given 
structure. The loop is usually fed in the 
lower-half portion; tuning and matching is 
achieved by stubs or lumped constants.2'3 

If we consider the current distributions 
on different bands (fig. 1), we can draw the 
following conclusions: 

1. On 20 meters, currents in the upper and 
lower halves of the loop are in phase. 
The loop thus acts as a broadside array, 
ensuring low-angle radiation in the de-
sired direction. 

2. On 10 meters, the currents in the upper 
and lower halves are 180 degrees out of 
phase. The antenna performs as an end-
fire array. Enhanced radiation is parallel 
to the plane of the loop (vertically in this 
case). This doesn't do much good in 
long-haul DX work. 

3. In-phase current distribution prevails on 
the lowest-frequency band; rapid deteri-
oration of performance occurs with in-
crease in frequency. 

By introducing stubs, lumped constants, 
and switching schemes, the proper phase 
relationships can be obtained on several 

/itm InM 

bands. On ten meters, for instance, the loop 
can be opened at the top corner, thus con-
verting the antenna into a common bi-
square, or so-called inverted rhombic.4 These 
designs are feasible but not too practical. 

the center-fed loop 
To overcome the disadvantages described 

above, I have developed a center-fed loop 
element as shown in fig. 2. Symmetrical 
current distribution with respect to the hori-

fig. 2. Current distribution in canter-
driven quad elements. Current loops are 
always symmetrical. 

zontal axis is achieved on all three bands 
without switching or tuning the elements. 
Without introducing compromises, the leg 
length of one edge of the diamond may be 
between one-quarter and five-eighths wave-
length. This will yield a usable frequency 
range of about 2.5:1 for a fixed loop. Ex-
ceeding the maximum length will result in 
spurious side lobes. 

leg length 
The leg length can be less than one-

quarter wavelength, but performance will 
be degraded, part of which is because the 
current loop is no longer located in the 
center of each leg. It should be possible to 

42 UJJ august 1969 



correct this with loading capacitors, as 
shown in fig. 3. However, this means ac-
cepting losses introduced by the capacitors. 

In general, leg length should be as long as 
possible, observing the 5/8-wavelength lim-
it. Optimum ieg length for a triband antenna 
would be 5/8 wavelength on 10 meters, or 
about 22 feet. However, a leg length of 17 
feet (Vi-wavelength on 20 meter) 
would still be a good design, ex-
hibiting only slightly less over-
all gain. 

By settling for less than opti-
mum gain, and sacrificing per-
formance on 20 meters in parti-
cular, it is possible to get an 
element of this kind on a struc-
ture that would ordinarily sup-
port only a 15-meter quad ele-
ment and obtain an antenna 
usable from 20 through 6 meters 
(12-foot leg length) with excel-
lent performance on 6 meters. 

with 17 to 22 feet on a leg. The switching 
can be done either manually or remotely. If 
you use variable capacitors with a maximum 
capacity of 50 pF, the coils should have the 
following approximate dimensions: 

20 meters: 1 0 turns, T /2-inch diameter 
15 meters: 8 turns, lV2-inch diameter 
10 meters: 8 turns, I 'A- inch diameter 

fig. 4. Basic two-element arrangement of the 
DJ4VM multiband quad. 

c ™ 
STATION ~ 

BANDSWITCH 

fig. 3. A miniquad 
element with load-
ing capacitor at A 
and B. 

the DJ4VM quad 
The basic two-element arrangement is 

shown in fig. 4. Two designs were investi-
gated: parasitic reflector and driven reflec-
tor. As shown later, the latter has definite 
advantages. The main one is the greatly re-
duced need for making a careful compro-
mise in choosing the spacing between the 
two loops. This is achieved by carefully con-
sidering forward gain, front-to-back ratio and 
bandwidth on all three bands. 

the parasitic version 
The tuning apparatus for this system is 

shown in fig. 5. Element spacing is 9 feet, 

All are spacewound, of course, and pref-
erably self-supporting. Instead of tapping the 
coils, the coaxial cable could be coupled 
with a link. Capacitor Ck should be used to 
tune out leakage inductance. 

C1B should be adjusted for maximum 
front-to-back ratio. Thereafter the setting of 
C1A should be rechecked and corrected if 
necessary. 

The tuning unit for the dual-driven an-
tenna is shown in fig. 6, which is very simi-
lar to fig. 5. The two elements are driven 
out of phase by about 180 degrees. The lead 
length from the branch of the incoming 
coax to the switch contact, and from there 
to the coil taps, should be kept reasonably 
short to eliminate need for transformation. 
The tap point must be determined by using 
an swr meter. The approximate tap locations 
wi l l be as follows (turns counted from the 
center tap): 

20 meters: 2 turns 
15 meters: T/2 turns 
10 meters: 1 turn 
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Muttiband quad installation at DJ4VM. 

thinking, however, I'll give some field test 

resulls. 

Accord ing to reference 5, the beamwidth 

of an antenna is an indication of forward 

gain. The half-power points of the antenna 

described were, from field tests: 

20 meters: 50 degrees 

15 meters: 40 degrees 

10 meters: 30 degrees 

Bear in mind this data was taken from 

my location and will not necessarily be the 

same for yours. Nevertheless, even under 

less- lhan-optimum local geometry, these 

beamwidths certainly are competitive with 

most 3-element Yagi antennas. The increased 

gain (narrower beamwidth) on the higher 

frequencies results from the larger radiator 

size, wh ich is a direct consequence of the 

design principle. 

The measured response on 15 meters is 

depicted in fig. 7. The front-to-back ratio 

was more than 40 dB. Without readjust-

ments in the tuning unit, however, this value 

can be maintained over a relalivety narrow 

frequency range. Fig. 8 shows swr, front-to-

back ratio and relative gain for the "15-meter 

band. 

For a belter adjustment of front-lo-back ra-

tio, capacitor Ck can be used. If you do this, 

the feed point on the reflector coil will 

change lo the opposite side of the center 

tap (Lb'). It will also be slightly farther away 

from the center. 

Final tuning should be done with a field-

strength meter and swr bridge whi le tuning 

C1B in, C1A out, and Ck for max imum at-

tenuation to the rear. It's important lo take 

the l ime and trouble to do this properly if 

you want to realize the best performance 

from this antenna. 

Taps for the feed point should be chosen 

so that C1A and C1B resonate at about the 

same capacitance (with the transmission line 

connected and disconnected). 

field test results 
I don 't have any quantitative measurement 

figures on forward gain. Instead of unsub-

stanliated claims resulting from wishful 

fig. 5. Tuning circuit for the porasitic an-
tenna. Switching can be either manual or re-
motely controlled. Capacitor Ck tunes out 
leakage inductance. 

DRIVEN ELEMENT REFLECTOR 

I H ^ 

I lo oo TT 

44 j g august 1969 



advantages of the driven antenna 
The main advantages of this antenna, com-

pared with other beam antennas in general, 
are: 

1. Utmost flexibility when scrambling for 
DX contest points. 

2. No need to align antenna elements; all 
tuning is done remotely with the circuits 
in the tuning unit. 

3. Lower angle of radiation for a given 
height. 

4. Instant 180-degree switching of the beam 
degrees by switching off the reflector re-
lays. (How long does it take to swing a 
Yagi from East to West?) 

5. Less lateral space required than for a 
full-sized Yagi, colinear, long-wire and 
most other horizontally-oriented beams. 

a closing note 
There's nothing secret about the diamond 

shape. It was chosen because the vertical 
feedlines could be easily attached to the 

fig. 7. Measured horizontal radiation pattern 
of the all-driven array. Design center is for 
the 15-meter band. 

fig. 8. Standing-wave ratio, front-to-back 
ratio, and relative gain versus frequency. The 
data was taken on the 15-meter band. 

.100 -TOO .300 

FREQUENCY (MHj) 

fig. 6. Tuning circuit for the alt-driven 
array. Points La, Lb and Lb' are con-
nected to the coax center conductor. The 
dashed line between Ck and the coil is 
an alternative. 

DIRECTOR REFLECTOR 

fiberglass poles. Other shapes such as squares, 
circles {for vhf), or the Swiss quad6 could be 
adapted as centerfed, multiband quad ele-
ments. 

The all-driven quad has been tested for 
some time and has given excellent results. 
Neither the antenna height (40 feet) nor the 
location (in a valley) can explain the per-
formance it has given, 

references 
1. W. I. Orr, W6SAI, "Al l About Cubical Quad An-
tennas," Radio Publications, Inc., Wilton, Conn., 1959, 
p. 50. 

2. F. Kneitel, K2AES, "Antenna Roundup," Cowan 
Publishing Co., Vol. I!, p. 44. 
3. H. F. Rueckert, VK2AOU, "Dreiband-Eindraht-
Cubical-Quad-Element," DL-QTC (Germany), 1968M. 
4. Byron Goodman, "Inverted Rhombics and Biconi-
cal Beams," QST, June, 1949, p. 42. 
5. W. I. Orr, W6SAI, "Beam Antenna Handbook," 
Radio Publications, Inc., Wilton, Conn., 1955, p. 31. 
6. R. Baumgartner, HB9CV, "D ie Swiss-Quad-
Antenne," DL-QTC (Germany) 1963/10, p. 454. 

ham radio 

august 1969 [ j j 45 



a new 
cw monitor 
The versatile IC 

appears again— 

this time 

in an rf-actuated 

keying monitor 

featuring 

the low-cost ^L.914 

Rf-actuated keying monitors certainly aren't 
new. They've been described in many arti-
cles, and there is even a commercial version 
available. However, the use of simple, inex-
pensive IC's, plus a different method of au-
dio keying, make the monitor described 
here a worthwhile and interesting project. 

The main advantage of rf-actuated moni-
tors, of course, is that no direct connection 
to the transmitter is needed: the monitor 
uses internal battery power and is actuated 
by the rf field from the transmitter. Another 
advantage to such a monitor, which is less 
precisely explainable but nonetheless very 
reaf—as most users of such monitors will 
testify—is the clean keying that results. 
Clicks and other distortion present with 
most directly actuated monitors are com-
pletely eliminated. 

features 
This rf-actuated monitor is unique in sev-

eral respects. It uses only IC's and is a very 
simple project for anyone who would like to 
get acquainted with these devices. The IC 
is the Fairchild /ul914. It is becoming one of 
the most versatile IC's any amateur can use. 
As its designation (ML for micrologic) im-
plies, it was developed for digital logic cir-
cuits but it serves very well as a linear IC 
that will amplify continuously varying af or 
rf signals up to several megahertz. It's avail-
able from large mail-order supply houses for 
less than a dollar. 

Another interesting feature of the monitor 
is that the transmitter rf field is not used to 
activate a transistor switch to turn on an 
audio oscillator, as is commonly done. The 
audio oscillator in this monitor runs con-
tinuously. The rf field controls a juL914 that 
is used as an enabling gate or switch. Audio 
passes through the gate only when the rf 
field closes or "enables" the circuit. The dis-
tortion and transients which occur when an 
audio oscillator is initially turned on with 

$ each transmitted keying character are thus 
© avoided. 

g Particularly clean-sounding audio keying 
u results from using this method. The audio 
§ oscillator shown in the circuit (another 
5 /uL914) is of fixed frequency; but if you have 
u another audio oscillator available, perhaps of 

variable frequency, it could be used in place 
^ of the oscillator shown simply by feeding it 
g directly into the enabling gate. Exactly how 
5; this can be done is covered later. 

| circuit description 
^ The yuL914 consists of a pair of dual 
* grounded-emitter transistor stages. External 
[jj connections determine how the stages are 
!g! used in any particular circuit function. Physi-
^ cally, the ML914 appears as an ordinary 
"5 epoxy-cased transistor, except it has eight 
£ leads. The numbering of these leads follows 

the scheme shown in fig. 1. 
It's particularly important to note that the 

£ index flat on the juL914 case denotes the 
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8th terminal lead. Anyone who is used to 
working with tubes will probably regard the 
index mark as denoting the 1st terminal lead, 
as I frequently did when first working with 
the /nL914. The result, of course, can very 
easily be ruined IC's. 

The monitor circuit is shown in fig. 1. The 
first mL914 is connected as a free-running 
multivibrator. The oscillation frequency 
with the circuit components shown is ap-
proximately 1 kHz but the frequency may be 
changed over a wide range by varying either 
the value of both resistors or both capaci-
tors. 

For variations over a small range—if you 

which can be placed anywhere in the vicini-
ty of the transmitter power amplifier. 

The last ML914, which is used as an audio 
amplifier stage, actually makes very poor use 
of the capability of the /uL914. Only one 
transistor in the ,uL914 is active as an am-
plifier. A single audio transistor can be used 
for this unit if desired. Surprisingly enough, 
the cost will be about the same as that using 
the IC. 

The amplifier stage output is sufficient to 
drive a medium-impedance (400- to 600-
ohm) headset with adequate volume. If 
loudspeaker operation is preferred, the last 
/xL914 can be followed by a transistor power 

+ I.S TO 33V 

RF PICKUP 

fig. 1. Schematic diagram of the integrated-eircuit ew monitor. 

can't get used to the idea of hearing the 
same tone all the time—you can replace 
one of the resistors with a 20k-ohm poten-
tiometer. 

The second /iL914 is actually connected to 
perform a logic function. In this case, how-
ever, the result is as though an spst switch, 
connected between terminals 1 and 7, were 
controlled by a dc-control voltage on termi-
nal 3 (generated by rectification of the trans-
mitter rf field). 

operation 
The 1N34A rectifies the rf pickup to pro-

duce a positive control voltage at terminal 3 
of the second ^L914. The rf pickup may be 
obtained by connecting a short piece of 
wire (about 1 foot) to the rf pickup terminal, 

amplifier of conventional design. 
No special precautions need be followed 

in construction, except perhaps to note that 
the leads concerned with the rf pickup cir-
cuit should be kept as short as possible. The 
circuit of fig. 1 can be assembled on a 1-by-
lV2-inch piece of Vector board. The circuit 
can be mounted either inside a separate en-
closure or inside the cabinet of your trans-
mitter or transceiver. 

The supply voltage is between 1.5 and 3.5 
volts. The monitor will work well within this 
range, but at least 3 volts are necessary if the 
last ML914 drives a pair of headphones di-
rectly. The current drain is very low and can 
be handled for an extended period by two 
penlight cells in series. 

ham radio 
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a combined 
digital 

and 

burst encoder 

Selective call and 

tone-burst signalling 

provide enhanced 

f m operation 
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Sociologists tell us the world is suffering 
from overpopulation. Anyone who tunes 
across the amateur bands wi l l certainly 
agree, and the " fm frequencies" of 52.525 
and 146.94 MHz are no exception. The 
availability of commercial fm equipment 
at moderate cost has no doubt contributed 
to this condition. 

Efforts to minimize operating problems 
and retain the enjoyment of fm operation 
have produced the techniques of tone burst 
and selective call. A . combination selec-
tive-call—tone-burst encoder is described 
in this article for fm enthusiasts interested 
in improving station versatility. 

Selective call is used to alert another 
station to your traffic, allows remote con-
trol, and provides specific address for auto-
start teletype. Tone-burst eliminates the 
need for constant monitoring of a crowded 
channel (by your wife, for example) to en-
sure receipt of traffic. It also allows more 
positive control of relay and repeater 
facilities. 

features 
The encoder described here, which can 

be used for either mobile or base opera-
tion, provides two or more selectable con-
trol tones, burst or digital command, and 
acts as a microphone preamplifier and 
multi-rig station control. 
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fig. 1. A schematic of a combined digital and burst encoder. K1 is a 12 Vdc relay. 

A four-position selector switch provides: 

1. A one-half-second tone burst at the 
beginning of each transmission. 

2. A one-second tone burst as above. 

3. Digital dial encoding and carrier-off 
delay. 

4. Microphone preamp only. 

The carrier-off delay feature (fig. 1) can 
be eliminated if you wish. You can then 
retain the dial-operated keying relay, and 
the selector can be left in the dial posi-
tion without interfering with the push-to-
talk (PTT) circuit. 

digital dialing 
During dial operation, the normally 

open contacts on the dial switch operate 
a relay that keys the transmitter and en-
ergizes a tone oscillator. If "off delay" is 
included, the carrier will remain on after 
the dial returns home. This allows opera-
tion of decoder alarms or other ac-
cessories. 

The off-delay feature enhances multi-
digit dialing. The dial-delay-off circuit can 
be any combination that will allow K1 to 
pull in immediately and drop out about 
1 to 4 seconds after the dial returns home. 
This can be provided by a time-delay re-
lay, a copper-slugged relay, capacitor and 
diode around the relay coil, or an RC-
transistor timing circuit similar to that 
shown. K1 and Q4 comprise the delay-off 
circuit. 

The digital circuit includes an oscillator 
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whose output is interrupted by a standard 
telephone dial. K1 provides the means by 
which the digital mode is enabled and al-
lows automatic operation by simply dial-
ing. No manual switching of audio lines or 
carrier switching is required. 

the burst mode 
Burst operation must be selected and 

will provide a tone burst at the beginning 
of each transmission. This mode lends it-
self to burst entry of a base or repeater 
receiver, and provides relief from the need 
for constant monitoring. It also allows a 
more positive control of such facilities. 
The burst is accomplished by squelching 
off the oscillator with an RC network and 
switching diode D1. 

Burst duration is determined by the val-
ue of R in the charging circuit. D2 pro-
vides a discharge path for C when the 
microphone is released at the end of the 
transmission. This circuit works very well 
with most fm and a-m transceivers; how-
ever, some problems were experienced with 
certain models where the voltage on the 
unkeyed PTT line prevented the timing 
capacitor from discharging. This, of course, 
affects the duration of the resultant burst, 
or whether you get a burst at all. The 
problem has been eliminated in most 
cases by the addition of blocking diode 
D<5 in the PTT line. 

tone frequencies 
The oscillator frequency is controlled by 

switching additional tuning capacitors 
across the 88-millihenery toroid. Available 
frequencies are limited only by switch size, 
room in the cabinet for tuning capacitors, 
and the low li mit of the oscillator (ap-
proximately 1 Hz). If a progressively short-
ing switch is available, it will materially 
reduce the number of capacitors needed 
for multi-frequency operation. Adjustment 
for the various frequencies should begin 
with the highest frequency (lowest capac-
ity) and progress to the lowest frequency 
(highest capacity). 

transmitter control heads 
No changes are needed in the original 

transceiver equipment to accommodate 
this encoder. One change is required in the 
control head of each unit to provide power 
for the encoder. Most control heads use a 
4-pin microphone connector. The fourth pin 
is for receiver audio to be used with a 
handset. This should be removed and the 
fourth pin connected to switched 12 volts 
dc in the control head. A 4-pole double-
throw switch transfers the appropriate 
lines from one control head to the other. 

Interconnection between encoder and 
control heads is via jumper cables made 
with standard microphone plugs to mate 
with the microphone jacks on the control 
heads. It is suggested that the transmitter 
deviation/audio level be set for each rig 
in the normal fashion, with the micro-
phone plugged into the appropriate con-
trol head. Then the microphone should be 
removed and the jumper cables from the 
encoder connected. The individual levels 
in the encoder can then be adjusted to 
provide the same deviation as before. This 
technique allows instant restoration of fa-
cilities should disaster strike the encoder, 
or should you change rigs. 

The tone level relative to speech peaks 
is controlled by the resistor in series with 
the dial pulser contacts. The value shown 
will normally provide tone deviation of the 
same magnitude as the speech peaks. This 
relationship can be varied as the system 
demands. The sine-wave tone level into a 
100-ohm load is approximately 300 mV 
rms, usually enough to provide full devia-
tion in most equipment. Carbon micro-
phone excitation is provided by the pre-
amp circuit, and the normal excitation 
from the set is blocked by the coupling 
capacitor. 

In working with remotely located equip-
ment, care must be exercised to ensure that 
no ground loops exist in the system. Note 
the audio common is isolated from chassis 
ground and is switched, as are the PTT 
and audio lines. The frequency stability of 
this oscillator is quite good. It remains 
within approximately 1 percent of the set 
frequency with wide load, voltage and 
temperature variations. 

ham radio 
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lorry a! -repair 
bench 

troubleshooting amateur 
gear with an oscilloscope 

Well, guess I'd better begin where I left off. 
Before my spring sabbatical, I promised to 
toil you about oscilloscopes. And so I will. 

A scope lets you look at a radio or audio 
signal. That's why it's so valuable as a tool 
for troubleshooting. It measures signal volt-
ages, and at the same time shows the shape 
of the waveform. Thus, if distortion in an 
amplifier has fouled up a signal so it doesn't 
come through plain enough to understand, 
a scope can show you which stage makes it 
distorted. In those transistor-switching power 
supplies, you can look at the switching 
waveform and even track down troubles 
about to happen. You're probably familiar 
with the scope as a modulation monitor. 
And, if you are interested in amateur tele-
vision, you simply have to know how to use 
a scope. 

Most hams don't bother with a scope 
much because they don't really know how. 
Hooking one up as a modulation monitor is 
simple compared to twisting the knobs so 
you can view some of the strange-looking 
waveforms a serious ham runs into. 

The scopes best suited for ham trouble-
shooting are the same kind used by radio 
and tv repair technicians. They should be 
wideband. You can buy them ready-made, 

like the one in fig. 1. Or, there are scope 
kits; fig. 2 is one of those, in a compact 
size. The most common service-type models 
are recurrent-sweep scopes, called that to 
distinguish them from a more elaborate type 
called a triggered-sweep scope. 

The dials and controls on the front of var-
ious brands and models differ only slightly. 
They're arranged in all sorts of positions, but 
the labels are always similar. Once you know 
one scope, you can quickly get acquainted 
with any of them. 

getting the scope fired up 
There's a group of knobs, usually beside or 

just below the screen, that turn the scope 
on, light up the trace, and get it set up to 
show a display. They are the intensity, focus, 

fig. 1. One scope that's popular with tv 
servico technicians. Other well-known 
brands are listed in the box on page 57. 
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and position controls, and they're shown 
at the right in fig. 3. 

The power switch may be on the intensity 
control. You turn it on, and turn the con-
trol all the way up. If the power switch is 
separate, turn the intensity up anyway. After 
a minute or so, either a dot or a line should 
show up on the screen. 

Adjust the focus to make the dot or line 
as fine as possible. The top two photos of 
fig. 3 show how a scope dot looks when it's 
out of focus and then when it's focused. The 

bottom two show out-of-focus and in-focus 
line traces. 

If the dot or line doesn't show up after 
IV2 minutes, the two position knobs may be 
set wrong. Move them slowly from one end 
to the other, first separately and then simul-
taneously. Vertical position moves the dis-
play up and down on the screen, and hori-
zontal position moves it from side to side. 
When the scope first comes on, if a position 
knob is near one end of its rotation, the dot 
or line may be out of sight. Set the knobs to 

fig. 3. Scope dot or line when it's out-of-focus (large and fuzzy) and when it's in-focus (sharp and fine). 

fig. 2. Compact, 3-inch scope you can build 
from a kit. Most kit-built scopes cost much less 
than comparable factory-built models. 

center the line or dot as well as you can. 
To make a dot into a line, which you'll 

have to do to display waveforms, find the 
group of controls shown in fig. 4. The im-
portant ones for this are horizontal frequen-
cy and horizontal gain. On some scopes, the 
main frequency dial is labeled sweep. It con-
trols the sawtooth generator that scans the 
beam (which makes the dot) rapidly from 
side to side. Turn the horizontal frequency 
switch to a position that makes the sawtooth 
generator sweep the beam back and forth 
20 or 30 times a second. The switch in fig. 4 
is set between the 10 and 100 marks. That's 
close enough for now; later, with a wave-
form on the screen, you can refine the fre-
quency of the scope's internal sweep genera-
tor with the lower left control. 
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lig. 4. Froquoncy-control knobs on a 
kit-type servicing scope. Ignore phase 
knob at lower right. 

There may slill not be a line, or it may be 

very short. Turn up the horizontal gain until 

the line extends most of the way across the 

scope screen. The scope is ready now for 

you to display a waveform and learn how 

some of the other controls work. 

looking at an ac waveform 
One handy waveform is the GO-Hz voltage 

from the power line. In fact, so much radia-

tion from it is picked up by the capacitance 

of your body, you can use that as a test sig-

nal. Just grab the tip of the probe with your 

fingers. Leave the ground clip dangling. 

You'll have to set the vertical input con-

trols (fig. 5) so the scope is sensitive enough 

to show the rather weak 60-Hz signal picked 

up by body capacitance. O n the scope from 

which the fig. 5 photo was taken, the main 

input knob is set to X I , the most sensitive 

position. As you can see from the photo, the 

vertical gain doesn't need to be turned up 

much. (It may on some scopes, especially if 

fig. 5. Vertical input 
knobs affect size of dis-
play on screen; on 
some scopes, they 
(along with graticule 
lines on the screen) 
help with voltage mea-
surements. 

fig. 6. Two top photos, and bottom left, show how the ac waveform may look before you adjust line frequency. 
Bottom right shows solidly locked three-full-cycte display. 

wv 
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60-Hz radiation is mild around your shack or 
bench.) 

The waveform display you see on the 
screen, if you set the horizontal frequency 
switch as I mentioned earlier, looks some-
thing like the top photos or the bottom left 
one in fig. 6. Best viewing is with two or 
three cycles of a waveform on the trace. 
You have to adjust the fine frequency con-
trol (labeled frequency vernier on the scope 
in fig. 4). Just turn it carefully back and forth 

positive-going part of the signal; the sync 
switch is set at -f-int. 

A scope with a control instead of a switch 
is synchronized much the same. The knob is 
usually marked with a center zero, and can 
be turned either way. One direction locks 
the signal on the negative slope, and the 
other locks it on the positive slope. If your 
scope has the control, notice once you get 
the display stopped how you can work the 
control back and forth slightly and shift the 

fig- 7. Ac waveforms locked, by sync switch, on negative slope 
(left) and positive slope (right). Irregular shape of sine ac is due to 
fluorescent-lamp radiation. 

till you have only three waveforms on the 
screen—as in the bottom right photo in fig. 6. 

The waveform may not snap into place 
quite that easily. It may appear to be running 
one way or the other, and you may not be 
able to stop it with the fine frequency con-
trol. Holding it in position solidly is the re-
sponsibility of a knob or switch labeled sync. 
In fact, you can adjust where the left side of 
the trace starts, merely by how you set sync. 

In scopes that have only a sync switch, 
you have a choice of positive-going (+) or 
negative-going (—) internal sync, external 
sync, or sync from the scope's power trans-
former (line). You'll almost always use inter-
nal sync, and whether you choose + or — 
depends on the general shape of the wave-
form. 

With the waveform at top left in fig. 7, the 
signal display is shown synchronized on the 
negative-going portion of the test waveform; 
the sync switch is at —int. In the top right 
photo, the waveform is synchronized on the 

point on the slope where the trace starts. 
That isn't too important with an ordinary 
sine-wave display, but it is when you work 
with oddly shaped waveforms, like in ama-
teur tv. 

looking at odd waveshapes 
Sine waves are the most common type 

you'll look at when you use the scope on 
your repair bench. They're what you find in 
the power supply before the rectifier and 
filters get at the voltage. And you often in-
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ject sine waves and then trace them to check 
out audio amplifiers, clippers and other 
speech stages. 

But sine waves are far from being the only 
waveshape you'll see. The only problem you 
can have viewing the odd-shaped ones is 
making them stand still on the screen. But 
there are a couple of simple tricks for that. 
If you know what's important about a wave-
form, that's enough to let you sync it in 
tightly on the scope—every time. 

As one example, look at the rounded saw-
tooth at the top in fig. 8. It's taken at the 

fig. 8. To lock in unusual waveshapes, you need to 
know their approximate frequency and which direc-
tion the dominant slope goes. All of these were 
taken in a home-iv flying-spot scanner. 

output of a rectifier, across the input filter. 
The important thing to notice is the steep-
est slope. That's always easiest to synchro-
nize on. In this one, the sleepesl slope is 
upward, which means it goes in the positive 
direction. So, you set the sync switch to the 
-I- position. And, as you can see in the pho-
to, the trace locks (and starts) on the upward 
slope. 

You have to learn to recognize the domi-
nant steep slope and which way il goes. 
Often the waveform can only be slowed 
down a little with the frequency control, 
and you have to see the waveshape "on the 
run." Once you're sure which way the steep 
slope goes, you can set the sync for the 
polarity that will lock easiest. Then you can 

go back to the fine frequency control and 
slow the waveform down from running. 
When you get the scope sweep close enough 
to an exact multiple of the frequency of the 
signal you're viewing, the waveform locks in. 

An example of locking in an odd-shaped 
waveform appears at the lower left in fig. 8. 
This is the video waveform from a flying-

spot scanner such as you might build for 
ham tv. This display shows three cycles of 
video, which means the scope's sweep must 
be set to one-third the horizontal scanning 
rale of the tv set. 

The horizontal sweep for commercial TV 
is 15,750 Hz. The scope, ihen, must be set to 
about 5,250 Hz. Thai way, the scope display 
has time to show three cycles during each 
scan of the scope beam. The horizontal fre-
quency switch in fig. 4 must be set between 
I he 1000 and 10kc (10 kHz) marks. Then I he 
frequency vernier is turned slowly back and 
forlh until you catch a glimpse of the shape 
of the waveform. 

You'll see that its dominant slope is down-
ward-going, meaning the waveshape is main-
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ly negat ive. So , to l o c k it in so l id , the s y n c 

s w i t c h is set o n the — int mark . 

W i t h the s y n c s w i t c h inadvertent ly set 

w r o n g , the w a v e f o r m can't b e sett led d o w n 

m u c h better than in the l o w e r r ight p ic ture 

in fig. 8. T h i s p h o t o w a s taken w i t h the 

s w i t c h at + i n t . Y o u c a n see o n l y a v a g u e 

o u t l i n e of the w a v e s h a p e , if y o u l o o k c lose. 

using a scope for troubleshooting 
Unt i l y o u ' v e used a n o s c i l l o s c o p e for trac-

i n g faults in h a m units, y o u can ' t apprec iate 

h o w h e l p f u l it c a n be. A n d it's a mistake to 

try w o r k i n g o n h a m tv w i t h o u t one. N o w 

that y o u k n o w h o w to s tab i l i ze the w a v e -

f o r m s o n the screen, y o u can put a s c o p e to 

w o r k o n y o u r repair b e n c h . 

Next m o n t h , I'l l tel l y o u m o r e a b o u t it. 

T h e r e are d o z e n s of d i f ferent tests y o u c a n 

m a k e w i t h it, a n d lots of w a y s to save t ime, 

I ' l l s h o w y o u the w a v e f o r m s y o u c a n expect 

to f ind in d i f ferent k i n d s of e q u i p m e n t , h o w 

to m e a s u r e them, a n d h o w to tell if they're 

not w h a t they s h o u l d be. A n d I' l l tell y o u 

h o w to set the s c o p e to l o o k at each of 

them. 

oscilloscope manufacturers 

B&K Division, Dynascan Corporation, 1801 
West Belle Plaine Avenue, Chicago, Illinois 
60613 

E I C O Electrical Instrument Company, Inc., 
283 Malta Street, Brooklyn, New York 11207 

Heath Company, Benton Harbor, Michigan 
49023 

Hickok Electrical Instrument Company, Inc., 
10523 DuPont Avenue, Cleveland, Ohio 44108 

Jackson Electrical Instruments, 124 McDon-
ough Street, Dayton, Ohio 45402 

Knight Electronics Company, 100 North West-
ern Avenue, Chicago, Illinois 60680 

Leader Instruments Corporation, 24-20 Jack-
son Avenue, Long Island City, New York 11101 

RCA Parts and Accessories, Deptford, New 
Jersey 08096 

Sencore, Inc., 426 South Westgate Drive, 
Addison, Illinois 60101 

Tektronix, Inc., P. O. Box 500, Beaverton, 
Oregon 97005 

h a m r a d i o 

RCA 
has all-new 
FCC 
commercial 
license 
training 
G e t y o u r license— 
or your money back I 
Now R C A Institutes H o m e Study T r a i n i n g has the 
F C C L i c e n s e preparation material you've been 
looking for—al l -new, both the training you need, 
and the up-to-date methods you u s e at h o m e — a t 
your own s p e e d — t o train for the l i cense you want! 

2 Convenient Payment Plans—You c a n pay for les-
s o n s a s you order them, or take a d v a n t a g e of e a s y 
monthly payment plan. C h o o s e the F C C L i c e n s e 
you're interested in—third, s e c o n d or first phone. 
T a k e the c o u r s e for the l i cense you c h o o s e . If you 
need b a s i c material first, apply for the complete 
L i c e n s e Training Program. 

SPECIAL T O AMATEURS. This course is primarily 
for Commercial License qualifications. But it 
does cover some of the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail c o u p o n today for full details and a 6 4 - p a g e 
booklet telling you how R C A Institutes Home 
Tra in ing c a n s h o w you the way to a new c a r e e r -
h igher i n c o m e — a n d your F C C L i c e n s e . 

I1CJ1 
RCA INSTITUTES, INC. 
Dept. HR-89 

<<iiuiimuuiinmmiTmM iirinn» 

L . 
320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on 
your al l-new FCC Commercial License training. 

Name-

Add ress-

City -State- - Z i p -

I I I 
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ionospheric propagation 

This month w e will investigate i o n o s p h e r i c 

propagation quantitatively using some of the 
most powerful aids available to the iono-
spheric physicist. The results wil l be far from 
general, but I hope they will be enlightening. 
W e will need a model: a profile of iono-
spheric electron density vs height. We could 
get such a profile by direct measurement with 
a rocket probe but measurements can be 
made from earth-bound ionospheric sounders 
more conveniently and inexpensively. 

The ionosonde is an upward-looking pulsed 
high-frequency radar whose frequency is 
swept in a predetermined manner (logarithmi-
cally on most ionosondes presently in use). 
Echoes are obtained from the overhead iono-
sphere, and from the variation of time delay 
between transmitted and received pulses vs 
frequency, a profile of electron density vs 
height can be determined. 

A variety of echoes may be present. If we 
restrict our attention to those that involve 
only one passage from earth to ionosphere 
and return, there are, in general, two echoes 
returned at any given frequency below that 
which allows penetration of the ionosphere. 
The two echoes are from the ordinary and 
extraordinary waves. In order to explain the 
reflection process at vertical incidence I will 
describe the interaction between a radio 
wave and the free electrons in the ionosphere. 

properties of ionized media 
High-frequency radio waves are propagated 

to great distances by virtue of the presence 

of free electrons in the ionosphere. The neu-

tral particle density is small enough that col-

lisions between particles are relatively in-

frequent and electrons are free to move in 

response to electric and magnetic fields. In 

addition to random thermal motions and 

large-scale drifts, electrons have orderly os-

cillatory motions in response to radio fre-
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quency electromagnetic waves. The contribu-

tions of the positive ions may be neglected 

at high frequencies since these ions are much 

more massive than the electrons, and they do 

not acquire any significant velocity or dis-

placement in response to the high-frequency 

fields. 

A 1 k W transmitter at 14 M H z fed into a three 

element Yagi might produce the following 

electron motion in the E region:1 

maximum displacement 4 x 1 0 ~ 8 c m 

maximum velocity 

number of cycles 
between collisions 

350 cm/sec 

140 

For comparison, at 300° K (room temperature) 
in the E region, the displacement and velocity 
due to thermal motions are: 

mean free path 100 cm 

thermal velocity 107 cm/sec 

The motion of an electron is a current flow, 
and a scattered field is radiated from each 
electron. The combined effect of trillions of 
free electrons moving in concert is the forma-
tion of weak scattered fields which are ap-
proximately 90° out of phase with the origi-
nal field. The vector sum of the scattered and 
incident waves results in amplitude almost 
equal to the original field but with an advance 
in phase. The scattered fields add construc-
tively only in the direction of progagation, 
while creating a large total advance in the 
phase of the electromagnetic wave relative to 
that which would occur in a vacuum. 

W e describe this modification of the wave 
by assigning an index of refraction to the 
medium. The behavior in an ionized medium 
is identical to that which would be expected 
in a dielectric whose index of refraction is 
less than unity. (Note that for dielectrics with 
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fig. 1. lonograms taken by vertical-incidence sound-
er at Pt. Arguello, California (34.5a N. latitude) on 
August 14, 1968 at 2200 pst (A) and August 15, 1968 at 
1100 pst (B). 

10 15 S 
FREQUENCY 

where N is the electron density per cubic 
centimeter and f is the radio frequency in 
kilohertz. At a radio frequency equal to the 
plasma frequency, fN, the index of refraction 
is zero for the ordinary wave. Propagation to 
regions of higher electron density is not pos-
sible and reflection occurs. 

Fig. 1 shows two ionograms taken at Point 
Arguello, California on August 14, 1968 at 
2200 pst and on August 15,1968 at 1100 pst. 
The ionograms show traces of virtual height 
vs radio frequency from 250 kHz to 20 MHz. 
The virtual height is the time delay times the 
free-space velocity of light. The true height of 
reflection is less than the virtual height since 
the wave is retarded by its interaction with 
the electrons in the ionosphere. The group 
velocity, v 0 , of the ordinary wave is approxi-
mately 

bound electrons, the resultant is a smaller 
decrease in phase and an index of refraction 
greater than unity). The index of refraction of 
the ionosphere depends not only on the elec-
tron density, but also on the frequency of the 
electromagnetic wave. Thus the ionosphere 
is a dispersive medium. 

The index of refraction, n, for the ordinary 
wave is 

8O3FT. 
f- / R fN" 

f2 

c-
V,. 

c 

where c is the velocity of light in a vacuum, 
and vr, is the phase velocity. Thus the wave 
is greatly retarded in regions where the re-
fractive index is small over a wide range of 
heights (near the heights of maximum ioniza-
tion). 

There are preferred directions of electron 
motion due to the presence of the earth's 
magnetic field. This anisotropy* results in 
multiple values of the refractive index and, in 

PLASMA FREQUENCY (MHz) 

fig. 2. True height pro-
files of electron density 
vs height derived from 
the ionograms of fig. 1. 
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fig, 3. Range vs elevation angle plots for the ionogram of fig. 1A (2200 hours). 

general , separation of a l inear p o l a r i z e d w a v e 

into t w o counter-rotat ing e l l ipt ica l ly -polar-

i z e d character ist ic w a v e s w h i c h may travel 

over i n d e p e n d e n t paths in the ionosphere. 

T h e s e character ist ic waves are ca l led the or-

d inary and extraordinary waves. A l t h o u g h the 

extraord inary-wave muf is h igher than the 

o r d i n a r y - w a v e muf, it is d e p e n d e n t on the 

d i rect ion of propagat ion wi th respect to the 

m a g n e t i c f ield, a n d thus is m o r e dif f icult to 

calculate. A l l of the ca lcu lat ions in this col -

u m n are for the ordinary w a v e only . 

T h e r e are a p p r o x i m a t e graphica l aids for 

d e t e r m i n i n g reflection heights, sk ip distances 

a n d penetrat ion angles for o b l i q u e propaga-

t ion f rom vert i ca l - inc idence ionograms. Iono-

gram scal ings reported in past c o l u m n s have 

used these transmission curves. For further in-

format ion on transmiss ion curves, y o u may 

want to consult references 2 and 3. T h i s month 

I w i l l s h o w a m o r e accurate (and expensive) 

t e c h n i q u e that may be used if y o u have access 

to a d ig i ta l computer . 

First a m o d e l of the ionosphere is prepared 

f r o m a ver t i ca l - inc idence s o u n d i n g (assumed 

to be taken at the path midpoint ) . A true 

he ight profi le of e lectron density vs he ight is 

ca lcu lated. 4 T h e true height profi les (fig. 2) 

are, in general , not un ique. T h e y assume a 

m o n o t o n i c increase of e lectron density w i t h 

he ight ; occas iona l ly there are " v a l l e y s " be-

tween the E and F1 layers that are not direct ly 

measureable wi th ionospher ic sounders . 

A n o t h e r p r o b l e m in creat ing models of the 

ionosphere is that the i o n o g r a m traces are 

s e l d o m cont inuous . A b s o r p t i o n , interference 

and p o o r antennas f requent ly l imit the l o w 

f requency coverage. H o w e v e r , the true height 

prof i les obta ined are probab ly as useful as any 

for predict ing w h a t the ionosphere may b e 

l ike at mid-latitude United States near 1100 

and 2200 local t ime d u r i n g A u g u s t 1969. 

* Anisotropy describes a medium that exhibits different 

properties when measured a long axis in different di-

rections. 
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tig. 4. Range vs elevation angle plots for the ionogram of fig. 1B (1100 hours). 

Given an ionospheric model, you can trace 
the path of a ray launched at a given angle at 
a given frequency. Using a program devel-
oped by Dr. T. A. Croft at Stanford. The fol-
lowing equation is solved in many steps 

Atr sin 0 = K 

where r is the distance from the center of 
the earth, 0 is the angle of incidence, and 
K is a constant for any given ray called the 
characteristic. (This is Bouger's rule, the 

equivalent of Snell's Law for circular coordi-
nates). These calculations produce propaga-
tion time delays, ground range and reflection 
height for rays of a given elevation angle at 
any particular frequency. Tor this column I 
have chosen to plot cun'es of ground range 
of single-hop propagation vs elevation angle 
for various radio frequencies. These curves 
are shown in figs. 3 and 4 for 2200 and 1100 
local time, respectively. 

Note from fig. 3 that at a given frequency 

fig. 5. Range (delay 
time) vs time display of 
backscatter meteor ech-
oes on a frequency of 25 
MHz during last year's 
Perseids meteor shower. 
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two rays may be returned to the same dis-
tance. The ray with the lowest elevation angle 
for a particular layer, called the lower ray, is 
usually strangest and occurs over the widest 
range of distances. The upper (or Pederson) 
ray is most frequently observed at frequencies 
just under the muf for that distance. For some 
ionospheric models and frequencies, the up-
per ray may be received at greater distances 
than the lower ray. If antennas with poor 
low-angle response are used and the distance 
is greatei than 2500 miles or so, the maximum 
observed frequency may be propagated by 
single-hop upper rays. 

Note from fig. 4 that the situation is com-
pounded during daylight hours by the possi-
ble presence of E- and F1-layer modes as 
well. The extraordinary waves (not computed) 
wi l l almost match the ordinary waves, with 
the greatest separations at short distances and 
near the skip distances. 

Curves of ground range vs elevation angle 
point up the focussing and defocussing that 
occur in the inosphere. Focussing occurs at 
the skip distance where neighboring rays 
arrive very close to the same distance. The 
upper rays are defocussed at frequencies 
much below the muf (or distances much 
further than the skip distance) since neighbor-
ing rays are spread over a wide distance. The 
skip distance for frequencies near the abso-
lute muf is much greater than the 2500 miles 
usually assumed for the maximum distance for 
one F2-layer hop. When considerable ioniza-

fig. 7. Maximum range to the north from 38° N. 
latitude as limited by absorption, atmospheric noise 
and system parameters (100 watts cw to typical an-
tennas). 

tion is present below the F2-layer, the maxi-
mum one-hop range may occur for elevation 
angles other than zero or just below the pene-
tration angle (see curve for 21 MHz, 1100 
hours). 

However, predictions of extreme range up-
per rays should be viewed with some pessi-

fig. 6. Time chart of muf-
(4000)F2, the median maxi-
mum usable frequency for 
a 2500-mile path predicted 
by ESSA for August 1969 
based on 120° W. longi-
tude. 
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LOCAL VME 

fig. 8. Maximum range to the northeast (top time 
scale) and the northwest (bottom time scale) from 
38° N. latitude. 

fig, 10. Maximum range to the southeast (top time 

scale) and the southwest (botom time scale) from 

38° N. latitude. 

LOCAL TIME 

fig. 9. Maximum range to the east (top time scale) 
and to the west (bottom time scale) from 38° N. 
latitude. 

fig. 11. Maximum range to the south from 38° N. 

latitude. 
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mism as the ionospheric model was assumed 
to not vary with distance. This is a doubtful 
assumption for rays that remain in the iono-
sphere over such distances. Usually the rays 
will be returned to earth at shorter distances 
if the electron densities increase with distance 
—or will either penetrate the ionosphere or 
be trapped in ionosphere-ionosphere modes 
if the electron densities decrease with dis-
tance. 

The exact characteristics of the transition 
region between modes depends critically on 
the shape of the ionosphere profile. When the 
layers are not well defined, the transition may 
occur as a turn instead of a cusp (3.5 and 4 
MHz, fig. 3). In this case, another region of 
focussing occurs at the maximum of range for 
a single hop by the F2-layer.6'7 

meteors 
August is a good month for meteors. The 

Perseids meteor shower (August 10 to 14) is 
responsible for many 144-MHz contacts over 
distances of about 600 to 1400 miles each 
year. Meteors by themselves are of little in-
terest to the radio amateur; of interest is the 
ionized trail which results when the meteor 
enters the earth's atmosphere and is vapor-
ized. Backscatter from meteor trails is also 
noticed at 50 MHz and lower frequencies. 

Fig. 5 is a record of reflections from many 
meteor trails observed near 25 MHz during 
last year's perseids meteor shower. The range 
to a meteor trail is about 150 km (93 miles) 
per millisecond delay. Some meteor trails 
were observed as far away as 800 km, but 
most were between 100 km and 600 km. Note 
the trail at 540 km (3.6 ms) that lasted two 
minutes. More frequent, of course, are the 
bursts of a second or less which are of limited 
use for ordinary radio amateur low-speed 
transmission. 

Other meteor shows in August include the 
Cygnids (August 10 to August 20) and the 
Draconids (August 21 to August 31). 

vhf propagation during may 
Reports of long distance vhf propagation 

during the first half of May are down from 
April, but lots of DX was worked on 50 MHz. 
As of May 20, ZK1AA had over 50 contacts in 
less than 2 months, all in the Northern Hemi-

sphere and over 2900 miles. His beacon is 
now operating daily from 1730-0930 gmt. 
Trevor, 5W1AR, now has a beacon on 50.105 
MHz operating 1900-2400 gmt and 0400-0600 
gmt. Last I heard he was having tvi problems 
with tv from American Samoa which comes 
on at 0600 gmt. A chronological list of TE 
(transequatorial) contacts follows: 

May 4, 0330-0500 gmt, ZK1A A worked 
WB6YPF, WA6HXW, K6QEH, W6RUX, 
WA6GJU and W6NIT 

May 6, ZK1AA worked KH6CRU; 2245 gmt, 
W4GDS and WA4MHS 

May 11, 0650 gmt, ZK1AA worked VVB6KAP; 
0900 gmt, ZK1AA worked KH6GRU; KH6GRU 
heard some VK's 

May 18, 0630 gmt, ZK1AA worked JA1AC 
and heard a Japanese broadcast station on 56 
MHz; 0730 gmt, ZK1AA heard KH6 fm sta-
tions to 95 MHz. 

May 28, 073S-0823 gmt, WB6KAP heard 
ZK1AA beacon 

Note a shift in the times of TE occurrences 
as summer approached. The ZK1-to-KH6 path 
has been opening as late as 0700-1100 gmt, 
and on May 28 this path was open only from 
1000-1030 gmt; these times are after mid-
night on the West Coast! 

propagation for august 
Shortwave conditions this August should be 

very similar to those of last year. Comments 
made in last August's column are equally ap-
plicable. Summarizing, some improvement is 
expected over July in higher daytime muf's, 
lower absorption and lower noise levels. 
Sporadic-E activity is expected to decline 
while transequatorial openings are expected 
to reappear to the Southern States. There is 
the possibility of vhf aurora openings (or dis-
turbances—depends on the band you're in-
terested in) to the northern states. 

The F2-layer muf chart for this month 
(fig. 6) is based on 120° W. longitude. The 
muf chart that appeared last year (for 75° W. 
longitude) is also still valid. 

Note that all time scales are local solar time, 

which is within 30 minutes of local standard 
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how to use these propagation charts 

1. To find the maximum usable frequency for 
F2-layer propagation for distances of 2500 
miles or more in any direction, find your 
control point and read the frequency from 
the F2-layer muf time chart. Your F2-layer 
control point is 1200 mies away from your 
station in the direction of propagation; this 
is about an 18-degree difference in latitude for 
a north-south path, or 1Vi hours time differ-
ence for an east-west path. 

2. To determine the path muf for a path under 
2500 miles, the control point is at the path 
midpoint, and a correction factor is applied to 
the 2500 mile muf. These correction factors 
are plotted in fig. 7 of the August 1968 column. 

3. During summer daytime, the path muf for 
a path shorter than 1200 miles may be set by 
E-layer propagation. To determine if this is 
so, refer to the E-layer muf time chart and 
the chart of muf reduction factor vs distance 
in this month's column. Note, however, that 
sporadic-E will probably result in zero skip 
distance on 7 MHz and skip distances under 
400 miles on 14 MHz very frequently during 
daylight and evening hours. 

4. The F2-layer will probably be effectively 
shielded by the E-layer for operating frequen-
cies below 70 percent of the predicted E-layer 
muf. 

5. Over any particular path involving more 
than one hop, the path muf is the lower of 
yours and the other station's control-point 
muf. The muf time charts may be treated as 
muf contour maps. (The F2-layer chart has 
significant errors outside the range of longi-
tudes between 45°W. and 135°W.) As such, 
each hour is the equivalent of 15° of longi-
tude. A map drawn to the same scale can be 
overlayed and positioned to the right or left to 
show the variation of the muf contour map 
with time. Curved lines may be drawn on the 
overlay representing great circle paths, as 
found from a globe or "Ionospheric Radio 
Propagation," printed by the U. S. Govern-
ment Printing Office. 

6. To find the maximum propagation distance 
as limited by ionospheric absorption and at-
mospheric noise, refer to the maximum range 
charts for the directions you wish to work. 
Note that the time scales are reversed for 
westward propagation. Also note that this 
month the noise curves have not been as-
sumed to be symmetrical about local noon. 
Thus when the curves are used to predict 
propagation to the west they may be in 
error due to this lack of symmetry. These 
curves are based on a unity signal-to-noise 
ratio of a 6-kHz bandwidth with 100 watts 
cutput and antenna gains (over an isotrope) 
of 6 dB for 20 and 15 meters, 0 dB for 40 
meters, and —6 dB for 80 meters at each 
station. 

time, not daylight savings time. Also note that 
the muf contours of interest are those for the 
time and latitude of your control points, 1200 
miles away in the direction of propagation. 

next month 
Beginning with the September issue, Propa-

gation predictions will no longer be included 
as a part of ham radio. Readers who are inter-
ested in propagation information may obtain 
a monthly propagation bulletin via first class 
mail by simply writing to the editor. This 
bulletin will provide you with the latest 
up-to-the-minute propagation forecasts. 

Note: The formula for the maximum electron 
density of the E-region given in the May 1969 
column on page 62 is incomplete. It should 
have been: 

N = 104 (180 + 1.44R) cos1/2 X 
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fet preamp for 432 MHz 
If you're trying to get the most out of 
your receiving gear for 432 MHz, you 
should look into the new 2N5397 and 
2N5398 field-effect transistors manufac-
tured by Siliconix.* These new devices are 
usable up to 800 MHz and their per-
formance on 432 is nothing short of fan-
tastic. Manufacturer's claims are many 
times on the optimistic side, but accord-
ing to K6JYO and K6KV, the 2N5397 per-
forms as advertised—at 450 MHz the 

•Siliconix Incorporated, 1140 West Evelyn Avenue, 
Sunnyvale, California 94088 

noise figure is 2.5 dB typical (3.5 maxi-
mum), and power gain in the manufac-
turer's 450-MHz circuit in fig. 1 is 18 dB. 
The 2N5397 is $8.50 and the 2N5398 is 
$6.00. 

In the common-source amplifier shown 
in fig. 1, the drain and gate leads should 
be shielded from each other to reduce 

ZNS397 
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L1 1.4" long piece of no. 22 enamelled, close 
coupled to L3 

L2 1.6" long piece of no. 22 enamelled, close 
coupled to L3 

1.75" long piece of no. 18 copper L3 

T1 primary 13 turns no. 22 enamelled, close wound 
on V»" slug-tuned form; secondary is 3 turns no. 
22 enamelled, close wound over primary 

BIAS ADJUST FOR HOV 

L1 1,4" long piece of no. 22 enamelled, spaced 
0.1" from L2 

L2 1.1" long piece of no. 16 solid copper 

L3 1.3" long piece of no. 16 solid copper 

L4 1.4" long piece of no. 22 enamelled, spaced 
0.3" from L3 

Ln 3 turns no. 22 enamelled on V«" slug-tuned ce-
ramic form, aluminum slug 

fig. 1. 450-MHz common-source 
amplifier provides 18-dB gain. 

fig. 2. 450-MHz common-source mixer circuit. 

feedback phase shift. The neutralizing coil 
should be low loss for best gain and noise 
figure. One other construction tip: tune pa-
tiently! 

Another circuit for the 2N5397 is shown 
in fig. 2; this is a common-source mixer. 
When building this circuit, bypass the 
drain lead as close to the transistor case 
as possible. Maintain a high impedance 
at the intermediate frequency for maxi-
mum gain and maintain a signal ground 
on the source. Tune the tank circuit for 
best gain and noise figure. 

Jim Fisk, W1DTY 
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using Swan 350 and 400 
equipment for rtty 

I've received many inquiries from owners 
of Swan 350 and 400 transmitters on how to 
put this equipment to work in the rtty 
mode. Much correspondence resulted in the 
methods described here. 

Once you've acquired the teletypewriter, 
you can add simple circuits for rtty opera-
tion. Two methods, afsk and fsk, were tried 
by WB2UCI and me with satisfactory results. 

The afsk method involves feeding a sine-
wave audio signal into the speech amplifier 
via the microphone jack. This shifts the mod-
ulating frequency, which produces frequency 
shift keying. In the fsk method, a keyer (cir-
cuit) inserts a small amount of capacitance 
into the vfo to vary its resonant frequency at 
the keyed rate. 

The transmitter carrier is changed at an 
850-Hz rate. This consists of two frequencies 
850 Hz apart, called the space and mark fre-
quencies. The standard frequencies for these 
are 2125 Hz for mark and 2975 Hz for space. 
The Swan 400 and 350, however, have an 
audio cutoff at 2450 Hz, so they won't pass 
2975 Hz. The remedy for this is to change 
the space and mark frequencies to 2125 Hz 
and 1275 Hz, whose difference is still 850 
Hz. 

Essco teletype specialists offer the TU-7 
unit which is already modified for the Swan 
transceivers at moderate cost. It's battery 
operated and also serves as a demodulator 
for receiving. Further information may be 
acquired by writing to Mr. J. S. Tessler.* 

The fsk method uses a keyer to add a 
small amount of capacitance into the emitter 
of the vfo oscillator transistor. The circuit 
that seems to work best with the Swan is 
shown in fig. 3. (The complete circuit ap-
peared in the May 1965 issue of QST.) The 
keyer circuit is constructed on a three-lug 
terminal strip and is mounted inside the vfo. 
The lead from the trimmer capacitor to the 
emitter of the transistor should be as short 
as possible. Care must be taken when wir-
ing this lead, since the transistor's lead is ex-
tremely short, and the printed circuit board 

* Essco, 324 Arch Street, Camden, New Jersey. 

is very difficult to remove. The methods 
described work very well with both Swan 
units. 

Outboard vfo's would make rtty much 
more enjoyable and less tedious. When us-
ing the transceiver alone, the transmitting 
and receiving frequency will not be the 
same, which may present a few problems. 
With another vfo the receiving and trans-
mitting frequencies will be independent of 
each other. 

KEEP THIS LEAD 
AS SHORT AS POSSIBLE 

FROM 
DRIVER 

/77 

i. O 
TO EMITTER OF 

OSCILLATOR TRANSFORMER 

ft? 

, iters 

fig- 3. Circuit for fsk method in Swan 350 
and 400. Mount it on a 3-lug tie point and 
install inside vfo section. 

Tuning the Swan with these two methods 
is basically the same as in regular operation. 
When using afsk, tune the transmitter exact-
ly as for ssb, making sure there's no carrier 
or other sideband present. If this occurs, 
afsk will be generated, which is illegal on 
the low bands. 

With the keyer circuit, load the same as 
for a-rn and turn off the microphone gain. 
The Swan will now operate in F1 mode at 
120 watts. This is adequate for cross-country 
contacts and occasional DX when the band 
opens. 

Joseph Boniakowski, WB2MIC 

the indispensible glass 

As age creeps on, one of the handiest 
gadgets in the ham shack is the old reliable 
magnifying glass. For example, if a DX station 
tells you to move up 2 kHz, and you find 
that your glasses have been left upstairs, the 
magnifying glass will let you easily read the 
spaces on your dial. 

At the same time, a humorist will tell you 
that it's fine for enlarging the spirits when 
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you've just missed a rare DX station. Serious-
ly though, a magnifying glass has a lot of 
uses, and I'll bet only a few amateurs even 
have one in the house. 

With each issue of amateur radio maga-
zines equipment seems to be smaller and 
smaller. Sometimes I think the people who 
put the equipment together must have mag-
nifying eyeballs. Just look inside the gear and 
try to find the readings on a tiny transistor, 
a silicon diode, or even the colors on a small 
resistor without something to bring it up to 
a goodly size. 

At one time, a magnifying glass was a 
handy device to start fires when the sun was 
bright. Now I use it to stop fires—to find out 
which resistor has started to burn up. There's 
so much packed into a modern piece of ama-
teur gear, without a magnifying glass I don't 
believe anybody except a nearsighted old 
man could trace out the connections and 
components. 

The other day I was having trouble with a 
rotary switch buried under a chassis, The 
naked eye couldn't tell what was wrong, but 
when I applied a glass to my eyes, I could 
see the corrosion on the ring and contact 
points. I also saw a cold solder joint at one 
connection. 

Don't sell the magnifying glass short. Get 
one, but get a good one. By that I mean one 
made out of glass. There are cheap plastic 
varieties on the market. These aren't worth 
much, because they are easily scratched and 
can be marred by the slip of a soldering iron. 
I recommend one with a handle and a glass 
at least 2V2 inches in diameter. I wouldn't 
be without one now. 

Gay E. Milius, Jr., W4NJF 

modifying the ART-13 for 
noiseless cw operation 

The ART-13 is an excellent cw transmitter, 
but many operators don't use it because of 
the noise made by the relays pulling in when 
operated on cw. 

To silence the relays for cw operation with 
the ART-13 requires temporary removal of 
the red indicator light, 1-101. It isn't neces-

sary to unsolder the wires of 1-101; simply 
remove it from the mounting hole in the 
transmitter front panel so it can be pushed 
aside to remove wafer "emission" switch 
S-110. (This is labeled "off-voice-cw-mcw" 
on the front panel.) Do not disconnect the 
wires soldered to wafer switch S-110. Re-
move mounting screws and spacers between 
the two wafers. Replace the original spacers 
with spacers that are about half as long. Re-
place the wafers in their original position on 
the switch start. 

Now, add more spacers the same length as 
the new shorter spacers you've already in-
stalled. This leaves the switch shaft long 
enough to accommodate an additional wafer. 
Select the contacts on the new wafer that 
will make when S-110 is in the cw position 
and will not make on any other position. 

Ground one side of the new wafer con-
tacts to the chassis, and connect the other 
side to the very tip end section of J-102 mi-
crophone jack. (When the emission switch 
is in the cw position the tip end section of 
J-102 is grounded, pulling in and holding all 
relays, which is the same thing that happens 
whe n the microphone push-to-talk button is 
energized.) Replace S-110 and 1-101 on the 
front panel. 

The transmitter is keyed when the emis-
sion switch is in the cw position, because 
vacuum relay K-102 grounds the cathode of 
the 837; thus the cathode lead to ground 
through the contacts of K-102 must be bro-
ken through the key jack. This may be ac-
complished by disconnecting the cathode 
lead from the ground side of R-131, a 350-
ohm 10-watt resistor located on the bottom 
side of the transmitter in the center section 
directly behind the auto-tune motor. (One 
side of the resistor is connected to S-114, 
which is located on the bottom side of the 
transmitter directly behind the high-frequen-
cy knob" labeled "coarse A.") Make sure you 
disconnect the lead from the ground side of 
the resistor. This lead goes through vacuum 
switch K-102. 

Now, isolate J-103 key jack above ground. 
This may be done by drilling the key jack hole 
in the chassis a little larger to accommodate 
insulating washers. Connect a lead from the 
ground side of R-131 to one side of J-103. 
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Connect another lead from the other side 
of J-103 to the original lead that was discon-
nected from the ground side of R-131. Insu-
late the connection. 

Now the cathode of the 837 can be 
grounded through a key, when the emission 
switch is in the cw position, without the dis-
tracting noise of banging relays. Note of cau-

tion: Approximately 75 volts are on the key 
when keying the transmitter. I suggest you 
use a vacuum-tube keyer or an electronic 
keyer to eliminate the shock hazard. 

To operate the ART-13 in the voice posi-
t/on with this modification, a shorted plug 
must be inserted in key jack J - 1 0 3 . 

Don Whitney, KSGKN 

choosing fets for 144 MHz 
converters 

Here is some interesting information on 
jfets for two-meter converters. W6WSQ and 
I built a test jig (see fig. 4) for testing various 
jfets at 144 MHz. The test circuit is nothing 
more than a sensitive preamp which can be 
adjusted for different devices. A number of 
different fets were tried in the circuit; gain 
was measured, and weak signal performance 
was compared to a good low-noise vacuum 
tube preamp—the results are listed in table 1. 
The interesting thing is that sensitivity is just 
about the same for each device regardless of 
type. The only exceptions are the "first gen-
eration" fets (TIS34, 2N3823 and 2N2319), 
and their performance was only slightly low-
er than the best devices at 144 MHz. 

Bruce Clark, K6JYO 

table 1, Two-meter performance of various fet's. 

fig. 4. Circuit of 144-MHz fet test jig. Reverse power 
supply voltage polarity for p-channel devices. 
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L I 5 turns no. 16, 3/8" diameter, 5/8" long, tapped 
at 11/i turns 

L2 15 turns no. 26 enamelled on 3/8" slug-tuned 
form; brass slug. Form must be insulated from 
chassis. 

L3 7 turns no. 18, 3/8" diameter, 3/4" long, sec-
ondary is 1Vi turns no. 26 around cold end 

weak 
type stable signal source 

number gain performance manufacturer price 

2N5387 20-22 dB note 1 Sil $8.50 

2N4416 15-18 dB note 1 UC, Tl 5.00 

TIS88 15-18 dB note 1 T l 1.75 

A-2734 15-18 dB note 2 Amelco 1.25 

UC-734 14-18 dB note 2 UC 1.10 

IT-108 12-15 dB note 2 Intersil .85 

T1S34 10-15 dB note 3 Tf 1.10 

2N3823 10-15 dB note 3 Tl 4.00 

2N2319 10 dB note 3 Tl — 

note 1: 0.5 to 2 dB better than good 417A or 6CW4 units "normalized" at 3 dB noise figure 

note 2: same or slightly better than comparison tube front ends 

note 3: worse than comparison tube front ends; TIS34 to 1 to 2 dB worse, 2N3823 and 2N2319 3 to 4 dB worse 

manufacturers: Sil, Siliconix; Tl, Texas Instruments; UC, Union Carbide 
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mosfet transistors 

In the cornucopia of mos field-effect tran-
sistors, I have selected a group which are 
most likely to be encountered by ama-
teurs. A few types were omitted; perhaps 
a few were missed. In any event, the list 
should be an invaluable addition to your 
ham notebook. Because the emphasis in 
this grouping is on rf amplifier applica-
tions, all types are n-channel, depletion 
mode. This means their biasing and polar-
ity are the same as vacuum tubes. 

Don Nelson, WB2EGZ 

table 2. Performance characteristics of n-

channel mosfet's suitable for rf circuits. 

maximum 

another use for coax 
relay coils 

If you are using surplus coax relays with 
24- or 28-volt dc coils, you might be able to 
use this idea. O n a homebrew transmitter 
using push-pull 6AQ5 's (the tubes could just 
as well have 6V6's), I found that the relay 
coil resistance was about the same resistance 
as the modulator cathode resistance should 
be. So I used the relay coil as the bias re-
sistor. This worked okay, since the power 
supply B— was open on receive and ground-
ed on transmit. Don't forget to bypass the 
coil with a 25-volt, 25 /xF capacitor. 

Bill Eslick, K0VQY 

trans-

200-MHz 200-MHz feedback 

power noise capaci-

type gate 
freq 

(MHz) application 

conductance 
(/xmho) 

gain 

<dB) 

figure 

<dB) 
tance 

(pF) 

3N128 single 250 rf amplifier, oscillator 7500 18 3.5 0.12 

3N139 single 250 video, af, rf amplifier 

with 35-V V , 
dss 

6000 17 4.0 0.18 

3N140 dual 300 rf amplifier with age capability 8000 19 3.5 0.02 

3N141 dual 300 converter, product detector 10,000 181 
— 0.02 

3N142 single 175 rf amplifier, oscillator 7500 172 2.52 0.12 

3N143 single 250 mixer, oscillator 7500 13.51 
— 0.12 

3N152 single 250 premium rf amplifier 7500 20 2.5 0.12 

3N159 dual 300 premium rf amplifier with age 
capability 

10,000 20 2.5 0.02 

40467A single 220 general purpose rf amplifier 
and oscillator 

7500 16 4.5 0.12 

40468 single 125 rf amplifier 7500 172 3.52 0.12 

40559 single 125 mixer, oscillator 28003 21.51'2 
— 0.12 

40600 dual 250 rf amplifier 11,000 17.5 3.5 0.02 

40601 dual 250 mixer 27003 141 
— 0.02 

40602 dual — i-f amplifier 10,000 28* — 0.02 

40603 dual 150 rf amplifier 10,000 252 2.52 0.02 

40604 dual 150 mixer 28003 20* — 0.02 

40673 gate-protected version of 3N140 

MFE3006 dual 300 rf amplifier 15,000 242 3.02 0.02 

MFE3007 dual 300 rf amplifier 14,000 24 3.0 0.02 

Price 

$1.45 

2.89 

1.62 

1.55 

1.08 

1.39 

1.78 

2.18 

1.24 

.75 

.70 

2.24 

1.16 

.83 

1.04 

.98 

2.22 

1.50 

1.65 

1. Conversion gain 

2. At 100 M H z 

3. Convers ion transconductance 

4. At 44 MHz 
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mosley six-element 
tri-band beam 

Mosley Electronics, Inc. has jusl an-
nounced their latest Trap-Master beam, 
the Classic 36, a six-element tri-band 
beam featuring the Classic feed system 
and balanced capacitive matching for ef-
ficient performance. The Classic 36 uses 
performance-proven Trap-Master traps for 
automatic bandsvvitching by means of 
high-impedance parallel-resonant tuned cir-
cuits. The new beam covers 10, 15 and 
20 meters with an swr of 1.5:1 or better. 
Beam is power rated at 2 kW PEP ssb in-
put to the final stage. If you already 
own a Mosley TA-36, you can obtain 
six-element tri-band operation with a 
TA36/CL36 conversion kit; kit includes an 
entire new radiating element. For more in-
formation write to Mosley Electronics, Inc., 
4610 N. Lindbergh Boulevard, Bridgeton, 
Missouri 63042. 

dipole center insulator 

O. Watson Greene, W1CPI, has just in-
troduced a new dipole center insulator 
that is available with or without a broad-
band balun. The housing for the Greene 
insulator is a precision molding of hard-
flow polystyrene material. When the two 
halves are cemented together, they are 
practically impossible to separate. Rain 
and moisture are kept out of the insulator 
and feedlines by the rain drip collar that 
is formed around the type-UHF coaxial 
connector on the bottom of the insulator. 
The hoist ring at top center makes the 
unit adaptable for either inverted-vees or 
horizontal dipoles. The antenna connec-
tors are quarter-inch copper braid, six 
inches long with tensile strength of 500 
pounds. The 1:1 52-ohm balun is wound 
on a ferrite rod and covers the range 
from 2.8 to 32 MHz. The manufacturer re-
ports that this balun will take the full 
legal amateur power input without core 
saturation. The model GWB with balun 
is priced at $10.00; the GNB without balun 
is $6.00. Order from O. Watson Greene, 
Wakefield, Rhode Island 02880. 

noise blanker kit 

The Drake 34-NB Noise Blanker Kit is de-
signed for the Drake TR-3 and TR-4 trans-
ceivers. Unlike the noise clippers and lim-
iters usually used in communications 
equipment, the 34-NB actually mutes the 
receiver for the duration of the noise pulse. 
Between noise pulses, full receiver gain is 
restored. The 34-NB is most effective on 
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strong, periodic noise impulses such as ig-
nition noise and is least effective on ran-
dom noise. However, impulse noise is the 
most troublesome, and loss of communi-
cations because of random noise is rare. 
According to the manufacturer, low-level 
signals that are completely masked by 
noise pulses without the noise blanker can 
be copied when it is used. This is a real 
boon to the mobile operator because he 
can blank ignition noise from trucks and 
other cars as well as his own car. $129 
from your local distributor, or write to the 
R. L. Drake Company, 540 Richard Street, 
Miamisburg, Ohio 45342. 

decade counter kit 

Display Electronics has announced a new 
decade counter kit for the electronics ex-
perimenter. With these new digital mod-
ules, you can build professional looking 
frequency counters, digital meters, preci-
sion clocks and many other projects. The 
counter module uses Signetics "Ulilogic" 
integrated circuits for high noise immunity 
and a guaranteed 10-MHz clock rate. 
Eleven neon lamps illuminate the ten 
digits and decimal point on the readout 
face. 

The model DC-10-1 decade counter is 
available in kit form for $13.95 postpaid. The 
kit is easily assembled in a little over an hour 
and includes well written, easy-to-follow in-
structions. An assembled and lesled version 
may be purchased for $16.95. Data sheets are 
available from Display Electronics, P. O. Box 
1044, Littleton, Colorado 80120. 

NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup-
p r e s s e s n o i s e g e n e r a t e d by auto i g n i t i o n s , 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter s ignals norm-
ally lost in noise. 

Features include modern solid state design 
techniques utilizing dual-gate MOS FET transTs-
tors and two stages of IF noise cl ipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown installed on a Swan 250 at 
accessory socket location. 
Simplified installation requires twenty minutes. 
TNB-250 $29.95 ppd. 

TNB-250C (for Swan 250C) $32.95 ppd. 

Model T N B Noise Blanker, designed to operate 
with V H F converters by connecting in the coax 
between converter and receiver. 

NOISE BLANKER 
W E S T C O M 

Choice of 14-20, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 10 or 20 
meter converter output. 
Model T N B $29.95 ppd. 

(For special frequencies add $3.00) 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the T N B Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

W E S T C O M 
E N G I N E E R I N G C O M P A N Y 

P. O. Box 1504 San Diego, Cal. 92112 
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a 
complete 
amateur radio station 
in one 
portable package 

% 
A 5 BAND 260 W A T T SSB TRANSCEIVER 
W I T H BUILT-IN AC AND DC A n | v 
SUPPLY AND LOUDSPEAKER 

$435 
W A N T E D — Y O U R G O O D U S E D H A M G E A R 
— We pay top prices for your h a m gear — 
write us for quotations — trade your used 
gear in on new h a m gear and get the B E S T 
trades — new gear for delivery, Swan, Drake, 
Galaxy — mobile antennas, beams, verticals 
— tubes and smal l parts for the builder. 

U sed gear for sale or trade — all gear listed 
guaranteed for 90 days — subject to prior sale 
— all gear listed has been operated and is In 
excellent operating condition. 

B & W 
5100 $ 65.00 
5100-B (Fair) $ 50.00 
C O L L I N S 
32V3 (Vry gud) $195.00 
3129-5 (Like new) $299.50 
KWM-2. 30L-1, 516F-2, 312B-4 (Pkge. deal) — 

All less than two years old. Ser. #12,000 ' s . 
A L L M A N U A L S $1275.00 
H A M M A R L U N D 
HQ-105TR $ 85.00 
H 9 ' } 5 5 A C $165.00 
HQ-170 $180.00 
HQ-180 $199.95 
H A L L I C R A F T E R S 
HT-37 (Like new) $235.00 
SX-101 $125.00 
SX-111 $150.00 
H E A T H 
Warrior (4-UEW-572'B) $175.00 
HW-16 with HS-24 spkr. 

and headphones $125.00 
DX-60A $ 60.00 
G O N S E T 
GSB -201 Linear $175.00 
G A L A X Y 
Gal. I l l & A C / P S (Fair) $195.00 
Gal. V Mk3 & A C / P S (Near new) $420.00 
Del. Spkr. Console $ 65.00 
Special VFO $ 37.50 
All gear listed F.O.B. Ok lahoma City and 
subject to prior sale. Guaranteed 90 days. 

fa MTui* 
ELECTRON ICS 

Phone C£ 5-6387 
"THE COMPLETE HAM S T O R E " 

927 N.W. l i t Oklahoma City, Oklahoma 73106 

"WE TAKE TRAVE-tNS OS ALL LINES OF St'.W EQl'll'StEST" 
TWO-WAY RADIOS - SALES • SERVICE • INSTALLATIONS 

regulated power supply 

This new dc power supply features auto-
matic overload and short-circuit protection 
and is useful to the experimenter and ser-
viceman working with solid-state equipment. 
The supply features continuous variable dc 
voltage from 5 to 20 volts in two ranges; 
maximum rated load is 2 amperes. Ripple is 
less than 5 mV rms at full load, regulation 
is ± 1 % , and output voltage and current are 
monitored with two meters. Input 115/230 
Vac, 50/60 Hz. $39.95 from Lafayette Radio 
Eleclronics Corporation, 222 lericho Turn-
pike, Syosset, L.I., New York 11791. Order 
stock number 99-5077. 

low-cost 
volt-ohm-milliammeter 

The first instrument new hams and elec-
tronic experimenters buy is a volt-ohm-
milliammeter. It is the basic electronics 
test instrument and is an invaluable aid 
to any electronics trouble shooting. Among 
the functions of the vom are signal tracing 
and alignment, and voltage, current and 
resistance measurements. A new depend-
able pocket-size vom, the Knight-Kit model 
646, is available in kit form at a low 
enough price for anyone interested in elec-
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tronics. This instrument features an easy-
to-read two-color scale, 20,000 ohm-per-
volt dc sensitivity (10,000 ohms per volt on 
ac) and accuracy of ± 2 % full scale ac 
or dc. 

The meter has five dc voltage ranges up 
to 1000 V, five ac ranges to 1000 V, three 
current ranges to 250 mA, three resistance 
ranges to 1 megohm, two dB scales plus 
scales for measuring large chokes and ca-
pacitors. Kit price is $11.95 with all parts, 
test leads and battery from Allied Radio 
Corporation, 100 N. Western Avenue, Chi-
cago, Illinois 60680. 

monolithic crystal filter 

Tyco Laboratories has just announced a 
line of computer-designed high-frequency 
crystal filters with excellent performance 
characteristics. The center frequency range 
of these miniature filters is 5 to 22 MHz 
with fractional bandwidths from 0.01 to 
0.4%. The new filters are currently avail-
able in a flat-pack metal can 1.54 inches 
long, 0.69 inch wide and 0.3 inch high. A 
typical eight-pole filter with a 10.7 MHz 
center frequency and 7 kHz bandwidth has 
a shape factor of 2:1 from 6 to 60 dB; stop-
band rejection is more than 100 dB, and 
spurious responses are at least 90 dB down. 

Applications for these filters include ssb, 
CW and narrow-band fm communications 
systems. It's expected that the monolithic 
construction will offer significant cost re-
ductions over discrete filters. For more in-
formation, write to Mr. Kenneth Thomson, 
Crystal Products Group, Tyco Laboratories, 
Inc., 1510 McGee Street, Kansas City, Mis-
souri 64108. 

FREE! 
ONE YEAR 

OF 

ham _ 
radio 

A one year subscription is $6.00. 
Take a three year subscription for 
$12.00 and you get the last year 
for nothing. 

• Yes, I'd like the free year. Enclosed 

is $12.00. Send 3 years of HAM RADIO. 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

Name Call ... 

Address 

City Zip 

GET MONEY 
Guaranteed top money for any piece of surplus 
equipment. Payment in 24 hours. We also pay ship-
ping. insurance. Call collect or send list for quick 
quote. SPACE ELECTRONCS CORP. 11 Summit Ave. 
East Paterson. New Jersey. (201) 791- 5050 
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Another 
NEW IDEA 

from 
ham radio 

MATCHING 
BINDERS and 

BOUND VOLUMES 

Keep your library always up to date 
— Past years in bound volumes — 
The current year in a binder. No 
missing or torn copies. 

Both are covered in a handsome gold 
colored plastic impregnated buck-
ram, set off with good looking art-
work and printing. This is a tough 
cover, made to be abused. It can be 
washed — it won't wear out. 

Make your HAM RADIO collection 
twice as useful — Send for your 
Bound Volumes and Binders today. 

BINDERS $3.95 
postpaid US & Canada 

BOUND VOLUMES $14.95 
postpaid US & Canada 

(All issues 1968 March • Dec.) 

Order from 
HAM RADIO MAGAZINE 

GREENVILLE, N. H. 03048 

desoldering tool 

If you have ever tried to repair printed-
circuit boards or tried lo remove parts 
from them, here is a desoldering tool that 
should be of interest. Wik-lt desoldering 
tool is a specially treated tinned braid 
that quickly draws up solder when heat is 
applied with an ordinary soldering iron. 
In addition lo removing the solder, it acts 
as a heat sink to protect delicate com-
ponents, and leaves the joint ready for re-
soldering. It comes in various sizes and is 
sold in spools or as a service kit. See your 
local distributor or write to Wik-lt Elec-
tronics Corporation, 2573 Spring Street, 
Redwood City, California 94063. 

meter expander 

A new meter expander that increases the 
voltage and current sensitivity of a vom 
by as much as a thousand limes has just 
been announced by Integrated Controls, 
Inc. The meter expander has selectable 
gain settings of 10, 100 and 1000 and is 
connected as a buffer amplifier between 
the test leads and the vom. The direct-
coupled IC buffer amplifier produces a 
nominal full output of ±2.5 volts and in-
creases the voltage sensitivity of a vom 
up to 60 dB; input impedance is increased 
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to more than 1 megohm. It can also am-
plify current, multiplying the basic meter 
sensitivity up to 200 times. The gain-band-
width product of the amplifier is 1 MHz. 
The unit is completely battery powered 
and its accuracy is compatible with most 
volt-ohm milliammeters. For more in-
formation, write to Integrated Controls, 
Inc., P. O. Box 17296, San Diego, Cali-
fornia 92117. 

signal-injector kit 

If you've ever done any troubleshooting, 
you know one of the handiest gadgets you 
can use is a signal injector. The new 
Knight-Kit KG-644 solid-state signal-injec-
tor kit is completely portable and self-
contained and produces a signal rich in 
harmonics for tracing audio, rf and i-f 
circuits. The test probe is insulated for 
maximum safety, and the unit has a built-
in battery-condition light. The kit is priced 
at $4.95, complete with 4 penlight bat-
teries, from Allied Radio Corporation, 100 
N. Western, Chicago, Illinois 60680. 

varitronics correction 
Unfortunately, two typographical errors 

crept into the new products writeup on the 
new FDFM-2S fm transceiver manufactured 
by the Inoue Communications Equipment 
Corporation. The power supply can vary be-
tween 12 and 14.5 Vclc, and frequency devia-
tion is less than 15 kHz. Since the new prod-
ucts release that appeared in the June, 1969 
issue of ham radio, the price of this trans-
ceiver has been increased to $310. The unit is 
distributed by Varitronics, Inc., 3835 North 
32nd Street, Suite 6, Phoenix, Arizona 85018. 

When it comes to 
antenna s y s t e m s . . . 

IS YOURS 
a space problem? a budget problem? 

an installation problem? 
an applications problem? 

or simply a problem of where to buy? 

Your one-stop solution is 

ANTENNAS, INC. 

Exclusively specialists in radiating systems 

Complete systems or any component part 

Arrays — complete or in kit form, 
quads, yagis, dipole assemblies, ver-
ticals — fixed or mobile, towers, 
masts, rotors, guy and control cable, 
transmission line, coax relays and 
switches, connectors and adapters, 
test gear, technical publications, cor-
rosion resistant hardware, corrosion 
proofing chemicals, insulators, in-
stallation and wiring hardware, alu-
minum tubing and plate, wire, and 
much, much more. 
If your requirements are for a com-
plete system, major components, or 
the smallest yet important piece of 
hardware — ANTENNAS, INC has 
AMPHENOL HI-PAR 
ANTENNA SPECIALISTS E. F. JOHNSON 
BELDEN MILLEN 
BILADA MINI-PRODUCTS 
BIRNBACH MOR-GAIN 
CALCON WIRE MOSLEY 
CDE ROTORS NEWTRONICS 
COMDEL OMEGA-T 
CUB EX POLYGON PLASTICS 
CUSHCRAFT POMONA 
DGP ROHN 
DPZ SKYLANE 
DOW-KEY SWAN 
EZ-WAY TELREX 
R. L. DRAKE TIMES WIRE 
HAM-KITS TRI-EX 
HY-GAIN TRISTAO 
GENERAL ELECTRIC UNADILLA 
GENTEC VESTO 
GOLDLINE WATERS 
GOTHAM 

ANTENNAS, INC 
Can be your one-stop, single-source 

Write today for our catalog — 
no charge of course. 

ANTENNAS, INC 
Dept. C, 512 McDonald Road 

Leavenworth, Kansas 66048 
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short circuits 

The schematic for WlOOP's slaved dual-voltage power supply thai appeared in the ham notebook section of 
the April issue was in error—the collector circuit of the 2N2S24 should be connected to the positive supply. 
Resistors R3 and R4 should be 1 percent resistors; any value fom 2k to 22k. 
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a second look 
„ jim 
fisk 

One of the things that makes amateur radio 
stand out among other recreational pursuits 
is the diversif ication it offers. Many hams 
like to relax after a hard day's work and talk 
to friends, handle traff ic, or chase DX. To 
others, amateur radio is a means for intellec-
tual development and personal achievement. 
Some fellows have a drive that makes them 
explore beyond the canned circui t and ready-
made construct ion project. They like to im-
prove, modi fy , innovate. These are the ex-
perimenters, and their greatest satisfaction 
comes f rom f ind ing new ways to do things. 
They must know what makes things tick and 
why. The experimenters are truly responsible 
for the perpetuation of our hobby. Wi thou t 
them, it's doubt fu l if amateur radio wou ld 
have existed as we know it today. 

If you're a serious experimenter, ham radio 
can be a means of enhancing your advance-
ment in electronics. An example is the ham 
w h o is also an engineer. When solving a de-
sign problem at work , he may remember 
something he's read that somehow correlates 
w i th his immediate task. He may even work 
on the idea at home. Of ten these experi-
menters make significant contr ibut ions to the 
advancement of e lectronics—you see their 
results publ ished in the literature. 

One of the many areas open to experi-
menters is medical electronics. Doctors 
work ing on research projects in the medical 
disciplines can use the help of electronic en-
gineers and technicians. For example, a phy-
sician work ing in radio isotope research 
needed an interface between his computer 
and a photoelectr ic sensor. This wou ld be a 
fairly simple task for one familiar w i th digi tal 
circuits. The doctor needed a buffer memory 

and an analog-digital converter. He couldn' t 
f ind anyone to help him, so be boned up on 
theory and actually bui l t the th ing himself—• 
it worked! 

Remember the tunnel diode? Engineers in 
the Device Research Branch of NASA's Elec-
tronic Research Center found that pressure 
applied to a tunnel d iode made of gal l ium 
ant imonide caused the diode's band gap to 
vary. Apparently, pressure dif ferential in this 
region changes the inf lect ion point on the 
diode's characteristic current-voltage curve. 
The resulting change in negative resistance 
(and hence maximum gain) makes the device 
useful as a transducer. 

The NASA research people bui l t a tunnel 
d iode transducer using these principles. The 
transducer was about 0.05 m m thick—smal l 
enough to pass through the eye of a needle. 
Power requirements were 50 ,uW w i th 50 mV 
input. When inserted into the cardiovascu-
lar system, the d iode reproduces minute 
changes in b lood pressure. To the physician, 
these variations reveal essential data on heart 
activity and the circulatory system. The trans-
ducer's extremely small size allows doctors to 
moni tor blood-pressure parameters hereto-
fore undetectable w i th conventional sensors. 

These are but a few things open to elec-
tronic experimentation. You probably won ' t 
come up w i th anything as exotic as a cardio-
vascular transducer, of course, but surely you 
must have some ideas that are wor th devel-
op ing in your home workshop. For example, 
how many di f ferent applications can you 
think of for the IC operational amplif ier? 
Think about it, work up a design, then heat 
up your soldering iron. 

Jim Fisk, W1DTY 
editor 
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fm techniques 
and 

practices 
for vhf amateurs 

In 1937 the residents along the New York and 
New Jersey sides of the Hudson River were 
awed and mystified by the appearance of a 
gigantic spidery structure that arose near Al-
pine, New Jersey. It was whispered by the 
local wags that this tower transmitted "se-
cret waves/' and rumors flew that the tower 
was used to contact inhabitants of Mars, that 
it was used for death-ray experiments, and 
that it was used for secret communications 
with the hereafter. 

None of these wild stories, of course, were 
true. The appearance of the tower was the 
first public knowledge of a new mode of 
radio communication, based upon experi-
ments of Major Edwin H. Armstrong of Co-
lumbia University, an early wireless pioneer 
and inventor of the regenerative receiving 
circuit. 

static-free radio 
Major Armstrong had long realized that 

amplitude-modulated broadcasting suffered 
badly from static interference generated by 
electrical machinery and from crashes and 
noises created by natural electrical discharges 
in the atmosphere. It was Armstrong's belief, 
supported by the 1922 mathematical studies 
of John Carson,1 that the way to avoid static 
was to artificially produce a radio signal 
differing as radically as possible from the 
static signals that wreaked havoc with a-m 
broadcast transmissions. If this could be 
done, a receiver could be built which would 
be insensitive to static interference. 
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Armstrong reasoned that random noise and 
static were amplitude variations that had no 
orderly variations in frequency. He proposed 
that a receiver be bui'/t that woufd be sensi-
tive to frequency shifts but insensitive to am-
plitude variations. He started to work on 
such a receiver, plus a companion transmitter 
to generate a frequency modulated (fm) sig-
nal. During the course of his experiments in 
the Alpine, New Jersey laboratory, a 400-foot 
tower was crected. This impressive structure, 
with three large crossarms, was visible for 
miles along the banks of the Hudson River. 

In 1934, before the tower was built, Arm-
strong conducted preliminary experimental 
frequency-mod ulated tests with a 50 watt fm 
transmitter atop the Empire State Building. 
These tests were run in conjunction with 
W2AG, Yonkers, New York, who operated a 
50-watt fm transmitter at 120 MHz in the old 
2V2-meter amateur band. Voice, music, fac-
simile and multiplex telegraphy were trans-
mitted by fm to W2AG. 

In 1935, encouraged by the results of the 
tests, Armstrong applied to the FCC for an 
experimental fm license and was granted the 
call W2XMN for use in the experimental fre-
quency region around 40 MHz. Armstrong's 
fm tests were soon followed by others, 
particularly by Connecticut State College, 
operating stations W1XCS and W1XPW near 
43 MHz. Finally the FCC set aside four chan-
nels—200 kHz bandwidth each—for exclu-
sive fm broadcasting in the 40-MHz band. 
Commercial fm broadcasting was finally 
launched, although it was nearly eclipsed by 
World War II and the advent of commercial 
television. 

Radio amateur interest in fm techniques 
was aroused by the W2AG tests, and during 
the period from 1935 to 1940 a series of 
classic articles in QST, Rndio and Electron-
ic^ t-s provided practical circuitry for the 
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transmission and reception of I'm signals in 
the amateur 5-meter band. Amateur experi-
ments before the war showed that I'm prom-
ised excellent prospects for static-free, relia-
ble mobile communication on the "ultra 
high" frequencies of 2'/; and *l'/.i meters. 

post war fm 
frequency modulation proved its worth 

during Woild War II when it was extensively 
used lor vhf vehicular communication and 
over-the-horizon military relay circuits. Un-
foi Innately, the times were against amateur 
Irn usage in the late I'MO's. Aside from spo-
radic use on the higher frequencies, I'm lan-
guished in the amateur bands. In the vhf 
bands wheie it would have been effective, fm 
was obliterated by the flood of surplus a-m 
gear that invaded the market. 

The tower at Alpine, New Jersey as it ap-
peared in 1940. The man working on llto 
42.6-MHz turnstile antenna is supposedly 
Armstrong in his bucket sling. 

The SCR-522 a-m transmitter-receiver was 
king as far as the new 2-meter band was 
concerned. Aside from a lew eccentrics, vhf 
operators restricted themselves to a-m, with 
a sprinkling of cw for DX work. Some nar-
row-band fm experiments took place on the 
hf amateur bands, but nbfm never proved 
popular except as a means for escaping 
broadcast interference. By 1950 or so, ama-
teur fm was largely forgotten. 

While amateurs limited their efforts to a-m 
in the world above 50 MHz, the mobile radio 
service, quick to see the advantages of fm, 
made a complete conversion lo thai mode, 
using 50-kHz channels and crystal-controlled 
transmitters and receivers. Eventually, the 
scarcity of channels in the mobile radio ser-
vice spectrum became so acute that channel 
spacing was halved to 25 kHz. This released 
a flood of obsolete mobile fm gear to the 
amateur surplus market. 

Amateurs soon realized the inherent ad-
vantages of this "new" form of vhf commu-
nication, and today the use of fm is increas-
ingly popular on the higher frequency bands. 
Indeed, I predict that fm will eventually sup-
plant a-m and ssb on the I44-, 220- and 432-
MHz amateur bands in the metropolitan areas 
of the United States and Canada. The appli-
cation of fm techniques in combination with 
stationary, remote repeater systems will bring 
about a revolution in the operating habits of 
vhf oriented amateurs during the coming 
decade. 

This article covers frequency modulation 
fundamentals and techniques and discusses 
the use of fm equipment and repeaters. It is 
hoped that it will serve as an introduction 
and stimulant to amateurs who have not yet 
experienced the thrill of using vhf fm com-
munication as a means of reliable short range 
communication. 

fm: what is it? 
Intelligence may be superimposed upon a 

steady radio signal (carrier wave) by altering 
the structure of the wave in some way. The 
amplitude of the wave may be changed as is 
clone in amplitude modulation or ssb. Or, the 
frequency, or phase, of the wave may be 
varied. In either case, the process of altering 
the radio wave in accord with the transmitted 
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intell igence is called modulation. Modulat ion 
imparts a distinguishing characteristic to the 
radio wave which enables a properly de-
signed receiver to convert it back into a rep-
lica of the original intelligence. 

Fig. 1A shows an rf carrier that is ampli-
tude modulated by a sinusoidal audio signal. 
The modulated rf wave varies about the zero 
axis at a constant rate, and the strength of 
the individual cycles of the wave is propor-
tional to the ampl i tude of the modulat ing 
signal. The carrier is modulated 100 percent 

each side of the carrier, spaced f rom the car-
rier by an interval equal to the modulation 

frequency. The strength of the carrier does 
not vary dur ing modulat ion, but the strength 
of the sidebands depends upon the percent-
age of modulat ion. When the carrier is mod-
ulated 100 percent, the power in the side-
bands is equal to one-half that of the carrier. 

When an rf carrier is frequency modulated, 
many more than two additional side frequen-
cies are generated. The first two are spaced 
from the carrier by the modulat ion frequen-

r £> 
1 _ 

AUDIO 
MODULATING 

SIGNAL 

R — £«MX-
J OH 

- MODULATED WAVE -

E A - E „ FOR too* MODULATION 

AMPLITUDE MODULATION ANGULAR MODULATION 

o 
fig. 1. Amplitude modulation (A) and angular modulation (B) of an rf carrier by the same audio signal. 

when the peak-to-peak ampl i tude of the 
modulat ing signal is equal to the peak-to-
peak ampl i tude of the unmodulated carrier. 

In fig. 1B the rf carrier is frequency and 
phase modulated by the same audio signal. 
It can be seen that modulat ion voltage of 
one polarity causes the carrier frequency to 
decrease, as shown by the fact that the in-
dividual rf cycles are spaced farther apart. 
A modulat ing voltage of the opposite polarity 
causes the. frequency to increase; this is 
shown by the fact that more rf cycles are 
completed in a given t ime interval. If the 
phase-modulated (pm) wave is shifted 90°, 
the two waves in fig. 1B look alike. No am-
pl i tude variation takes place in either wave. 

When an rf carrier is ampl i tude modulated, 
addit ional side frequencies are generated. 
These frequencies (sidebands) are located on 

cy; addit ional side frequencies are located 
on each side of the carrier, spaced f rom each 
other by an amount equal to the modulat ing 
frequency. Theoretically, there are an inf ini te 
number of side frequencies; but, practically, 
the strength of those beyond the frequency 
swing of the modulated carrier is relatively 
low. 

Unlike ampl i tude modulat ion, the strength 
of the carrier component of an fm wave 
varies widely ; under certain condit ions it may 
even disappear entirely. This variation in the 
strength of the carrier component is useful in 
measuring the modulat ion index, as w i l l be 
discussed later. 

fm terms 
There are several terms which convey con-

siderable informat ion about the character of 
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a frequency-modulated signal: deviation, 
swing, modulation index and deviation ratio. 

Deviation specifies the amount of frequency 
shift to each side of the unmodulated carrier 
when the transmitter is modulated. Deviation 
is directly proportional to the amplitude of 
the modulating signal and is usually measured 
in kilohertz. The limits of frequency shift on 
either side of the carrier are known as the 
frequency deviation limits. 

Swing is the total frequency range covered 
by an fm transmitter when modulated with 
a symmetrical signal (equal deviation to each 
side of the carrier frequency). If, for example, 
a transmitter operating on 50,000 kHz has its 
frequency shifted to 50,010 kHz, back to 
50,000 kHz, then to 49,990 kHz, and back 
again to 50,000 kHz during one cycle of the 
modulating wave, the deviation is 10 kHz and 
the swing is 20 kHz. 

Modulation index of an fm signal is the ratio 
of the maximum frequency deviation to the 
audio modulating frequency, when both are 
expressed in the same units. Thus, in the 
previous example, if the signal is varied from 
50,000 kHz to 50,010 kHz to 49,990 kHz and 
back to 50,000 kHz at a rate (frequency) of 
2000 times per second (modulation fre-
quency = 2 kHz), the modulation index 
would be 5, since the deviation (10 kHz) is 
5 times the modulating frequency (2 kHz). 
Expressed as a formula, the modulation in-
dex is: 

Maximum Frequency 

Deviation 
Modulation Index — 

Maximum Frequency 

of modulating signal 

Deviation ratio is similar to the modulation 
index in that it involves the ratio between 
the modulating frequency and deviation. In 
this case, however, the deviation in question 
is' the peak frequency shift obtained under 
full modulation, and the audio frequency 
considered is the highest one transmitted by 
the system. For example, if the maximum 
audio frequency to be transmitted is 3000 Hz, 
a deviation ratio of 3 would call for a peak 
deviation of 3 x 3000, or 9 kHz at full modu-
lation. 

The noise suppression capabilities of fm 
are directly related to the deviation ratio. 
When the deviation ratio is increased, noise 
suppression is better when the signal is 
stronger than the noise. When the noise ap-
proaches the signal in strength, however, 
lower deviation ratios allow communications 
to be maintained in many cases where high-
deviation-ratio fm is incapable of giving ser-
vice. This assumes that a narrow-band fm 
receiver is used. 

For each value of received signal-to-noise 
ratio there is a maximum deviation ratio. 
Beyond this maximum deviation ratio the 
output audio signal-to-noise ratio decreases. 
Up to this critical deviation ratio, noise sup-
pression becomes progressively better as the 
deviation ratio is increased. 

For high-fidelity fm broadcasting, a devia-
tion ratio of 5 is ordinarily used. The maxi-
mum audio frequency is 15 kHz and the peak 
deviation at full modulation is 75 kHz. For 
tv sound, the deviation ratio is 1.67, the max-
imum audio frequency is 15 kHz, and the 
peak deviation is 25 kHz. 

Narrow-band fm has been standardized by 
the public services and business radio ser-
vice. A maximum deviation of 5 kHz is used 
by these services in the vhf region with 
25 kHz channel separation. In the uhf region 
a deviation of 15 kHz is used along with 
50 kHz channel separation. 

In the amateur service, the bandwidth of 
an fm signal on frequencies below 29 MHz 
and between 50.1 and 52.5 MHz cannot ex-
ceed that of an a-m signal having the same 
audio characteristics [Section 97.65(c)], Thus, 
wideband fm can be used above 29 MHz on 
10 meters, above 52.5 MHz on the 6-meter 
band and in all the amateur vhf and uhf 
bands. Most fm stations in the vhf amateur 
bands use deviations between 5 and 25 kHz, 
with a trend toward (he lower values. 

fm sidebands 
I mentioned earlier that additional side 

frequencies over and above those generated 
by a-m are created by frequency modulation. 
For distortionless transmission and band-
width conversion a study of the spectrum of 
a frequency-modulated wave is useful. Math-
ematical studies and observation of the fm 
sidebands with a wave analyzer can provide 
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information that w i l l a l low efficient modula-
tion under condit ions of max imum deviat ion 
and m in imum bandwidth. 

The mathematical expressions for an fm or 
pm signal may be wr i t ten as an infinite series 
having coefficients known as Bessel func-
tions, named after a German mathematic ian 
who first studied variations of this kind. A 
physical representation of an fm or pm signal 
may be achieved by the use of a vector. The 
vector may be drawn as an ar row, w i th its 

vector undergoes many rotations during each 
modulat ion cycle. As a result, the tip of the 
vector moves alternately inwards and out-
wards over a close multiturn spiral path. 

Since the angular position of the vector is 
unaffected by ampl i tude modulat ion, the ob-
server may ignore its rotation by considering 
it f rom the point of v iew of an observer w h o 
is rotating wi th it, and restrict his attention 
to its changing length. For a-m then, the rep-
resentation can be reduced to a l ine wh i ch 

1 EXTREME POSITIONS 
A I OF MODULATED VECTOR 

POSITION OF 
UNMODULATED 
VECTOR 

0 D 

o o 

fig. 2. A rotating vector may be used to represent a sinusoidal wave (A). An fm signal may be regarded as a 
constant-length vector rotating with slowly varying speed; the angular displacement in advance or retard of 
normal is caused by angular modulation (B). 

length denoting the magnitude of the voltage 
and the arrow indicating direct ion. The posi-
tion of the vector wi th respect to various ref-
erence axes can be used to indicate angular 
displacement as is commonly done in vector 
representations of electr ic and magnetic 
fields. The frequency of an alternating voltage 
represented by a vector, for example , is pro-
portional to the speed of rotation of the vec-
tor w i th respect to t ime. 

The frequency-modulated carrier shown in 
fig. 1B may also be represented by visual iz ing 
the carrier as a vector rotating counterclock-
wise wi th t ime (fig. 2A). For each cycle of 
the s inusoidal carrier, the vector rotates one 
complete circ le or 360°. This is the period of 
the w a v e ; the vector rotates at a frequency 
equal to the wave it represents. 

For the case of ampl i tude modulat ion, the 
vector rotates at the carrier frequency but 
alternately changes ampl i tude (at the modu-
lation frequency) about its unmodulated 
value. S ince the carrier f requency is much 
higher than the modulat ion frequency, the 

expands and contracts at the modulat ion fre-

quency and reverses its direction each t ime 

the modulat ion goes through zero. 

When the ampl i tude of the carrier vector 

is held constant, modulat ion may only be 

accompl ished by changing the otherwise 

uniform rate of rotation of the vector. A con-

stant ampl i tude, variable frequency signal 

can be represented by a vector of constant 

length, rotating wi th s lowly varying speed. 

When the angular velocity of a vector is 

varied higher or lower about its mean value, 

its angular posit ion is advanced or retarded 

from the angular position the unmodulated 

vector would have occupied (fig. 2B). There-

fore, variations in angular velocity produce 

an alternate advance and retardation in the 

phase of the carrier. 

Conversely , if it were desired to advance 

the angular posit ion of the rotating vector 

by a certain amount it could only be done by 

temporari ly increasing its angular velocity 

(frequency). L ikewise, a backward shift of 

12 g j September 1969 



the rotating vector could only be produced 
by reducing the frequency from the normal 
value. To preserve any lead or lag that was 
introduced, the frequency would be restored 
to its normal value. 

Modulation based upon the advancement 
or retardation of the angular position of a 
rotating vector representing the carrier wave 
is called angular modulation. Two practical 
forms of angular modulation are f requency 

modulation and phase modulation. 

while phase modulation may be readily ap-
plied to any amplifier stage. Therefore, phase 
modulation is easily applied to crystal-con-
trolled transmitters. With phase modulation, 
if an audio signal of 1000 Hz causes a devia-
tion of 0.5 kHz, for example, a 2000 Hz mod-
ulating signal of the same amplitude will 
produce a deviation of 1 kHz, and so on. To 
produce an fm signal with this technique, it 
is only necessary to make the deviation in-
dependent of the frequency of modulation, 

fig. 3. Relationships 
between fm and pm. 
The only difference be-
tween pure fm and pm 
is the fact that the de-
viation is a function of 
the amplitude only of 
the modulating signal 
for fm while the fre-
quency of the modu-
lating signal also de-
termines the deviation 
for pm. 
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frequency and phase modulation 
When frequency modulation is used, the 

phase of the carrier wave is indirectly af-
fected. Similarly, when phase modulation is 
used, the carrier frequency is affected. You 
cannot vary frequency without changing 
phase and vice-versa. In view of the inter-
relationship between frequency and phase, 
with the two quantities changing together 
under angular modulation, the distinction 
between frequency and phase modulation is 
only a nominal one. 

The only difference between pure fre-
quency modulation and phase modulation is 
the fact that deviation is a function of ampl i -

tude o n l y of the modulating signal for pure 
frequency modulation, while the f requency 

of the modulating signal a lso determines the 
deviation for phase modulation. A compari-
son of the two signal characteristics is shown 
in fig. 3. 

Most modern fm transmitters use phase 
modulation, because frequency modulation 
can only be applied to an oscillator stage, 

and proportional only to the amplitude of 
the modulating signal. This is accomplished 
by including a frequency correcting network 
in the transmitter. 

The only disadvantage of pm, as com-
pared to direct fm, is the fact that very little 
frequency deviation is produced directly by 
the phase modulator.* The degree of devia-
tion is dependent only upon the phase devia-
tion produced on the modulation frequency: 

h = M p 

•This is the only obvious practical disadvantage. In 
reality, phase modulation suffers one other serious 
disadvantage. In pure fm, the spectrum width can be 
made nearly independent of the modulating fre-
quency; this is not true with pure pm. The undesir-
able variation of bandwidth with modulating fre-
quency in phase modulation can be corrected with a 
tailored audio clipper. The clipper is both pre-and 
post-equalized: audio with a 6-dB-per-octave rising 
characteristic is fed to the clipper; clipper output is 
then passed through a network with a 6-dB-per-octave 
falling characteristic. The processed audio going to 
the phase modulator has a flat response, but with 
tailored clipping which results in constant peak devi-
ation after modulation. 
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w h e r e F d is the f requency dev iat ion one w a y 

f rom the mean value of the carr ier , and M p 

is the phase deviat ion accompany ing modu-

lat ion (expressed in radians per second) . Note 

that the deviat ion is complete ly independent 

of the carr ier f requency . The amount of phase 

shift that can be obta ined w i th good l inearity 

is such that the m a x i m u m pract ical modula-

t ion index is about 0.5. 

MODULATION INDEX 

fig. 4. Bessel curves show variation in carrier and 
sideband amplitude with modulation index. 

T h e degree of f requency deviat ion ach ieved 

by phase modulat ion can be increased by 

mul t ip ly ing the signal f requency after modu-

lation. S ince there are no ampl i tude varia-

tions in any form of angular modulat ion , the 

signal may be ampl i f ied by a nonl inear stage 

such as a f requency mul t ip l ie r or a c lass-C 

ampl i f ier . Modula t ion can take place at a low 

level and at a low f requency , and then be 

ampl i f ied by f requency mul t ip l ie rs or straight 

ampl i f iers . The modulat ion index of the signal 

is mul t ip l i ed by the same factor by w h i c h the 

carr ier f requency is mul t ip l ied . 

Many vhf fm transmitters are crystal con-

trol led by a crystal that is 1/24 or 1/32 of the 

carr ier f requency . A dev iat ion of 15 k H z at 

144 M H z , for example , is equivalent to a 

deviat ion of 625 Hz at a crystal f requency of 

6 M H z : this is w e l l w i th in the l inear capa-

bil ity of a phase modulator . Some high-

frequency fm gear designed for operat ion 

from 30 to 50 M H z uses crystals in the 200-

to 500-kHz region to a l low for suff ic ient fre-

quency mul t ip l i cat ion for satisfactory w ide-

band phase modulat ion at the carr ier fre-

quency . 

Zero Modulaion To Obtain 
Carrier Index Bandwidth Multiply 
Point (m) Modulating Frequency ! 

1 2.40 6 
2 5.52 8 
3 B.65 12 
4 11.79 14 
5 14.93 16 
6 18.07 18 
7 21.21 20 
8 24.35 22 
9 27.49 26 

10 30.64 28 

Odd-ha rmon ic distort ion is p roduced 
w h e n fm is obta ined by the phase modula-
tion technique, and the amount of d istort ion 
that can be tolerated determines the amount 
of phase modula t ion that may be used. S ince 
the audio- f requency correct ion network 
causes the lowest modulat ing f requency to 
have the greatest ampl i tude , m a x i m u m phase 
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modulation takes place at the lowest modu-
lating frequency, and the amount of distor-
tion that can be tolerated at this frequency 
determines the maximum deviation that can 
be obtained by the phase-modulation tech-
nique. Normally, for vhf fm, the deviation 
ranges from 5 kHz to 25 kHz. With a maxi-
mum audio frequency of 3000 Hz for voice 
operation, this represents a maximum devia-

finite number of pairs of such frequencies 
mathematically related to the frequency of 
modulation. Fortunately, only a limited num-
ber of these pairs (those nearest to the carrier 
frequency) are of significant amplitude for 
concern. However, when Armstrong first con-
ducted his experiments with wideband fm, he 
used a frequency spectrum of about 250 kHz 
for high-fidelity transmission of music. For 
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fig, 5. An expansion of the Bessel curves of fig. 4 for modulation indexes up to three. 

tion of about 8. Therefore, low-frequency 
crystals followed by multiplier stages are 
mandatory for this type of service. 

fm sidebands 
Until mathematical analysis proved other-

wise, some people believed that varying the 
carrier frequency by an amount less than the 
actual audio frequency (for example, causing 
a 10-kHz modulating signal to vary the carrier 
frequency by plus or minus 1 kHz) would 
allow transmission over a frequency band 
smaller than that required by amplitude mod-
ulation. However, no matter how small the 
frequency swing in fm may be, the upper 
and lower sideband frequencies that are pro-
duced in a-m are also present in fm. 

Moreover, not only are these two side fre-
quencies present, but also present are an in-

this reason modern fm broadcasting must be 
carried out in the vhf region, since it is only 
here that sufficiently wide channels are 
available. 

The sidebands generated in fm differ from 
those resulting from a-m in that they occur 
at integral multiples of the modulating fre-
quency; in a-m a single set of sidebands is 
generated for each modulating frequency. A 
simple method of determining the amplitude 
of the various f-m sidebands is the family of 
Bessel curves shown in fig. 4. There is one 
curve for the carrier and one for each pair 
of sideband frequencies. 

The Bessel curves show how the carrier 
and sideband frequency pairs rise and fall 
with increasing modulation index, and illus-
trate the particular values at which they dis-
appear as they pass through zero. Since the 
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(NO MODULATION) 

o o 
fig. 6. Effect of modulation index showing sideband frequency amplitude and distribution for modulation in-

dexes 1, 3 and 5. 

carrier drops to zero at particular values of 

modulat ion index (2.4, 5.5, 8.7, 11.8, etc.), 

the modulat ion index can be measured by 

not ing the disappearance of the carrier. An 

expanded set of Bessel curves for modulat ion 

indexes up to 3 is plot ted in fig. 5. 

The relative amplitudes of carrier and side-

band frequencies for any modulat ion index 

can be determined by f inding the y-axis inter-

cept for the particular funct ion. Representa-

tive spectrum plots for three different va/ues 

of modulat ion index are shown in fig. 6. The 

negative ampl i tude in the Bessel curves indi-

cates that the phase of the particular funct ion 

is reversed as compared to the phase wi thout 

modulat ion. In fm, the energy that goes into 

the sideband frequencies is taken f rom the 

carrier; the total power in the over-all com-

posite signal remains the same regardless of 

the modulat ion index. 

It should be noted that the frequency 

spectrum for fm is relatively constant for 

a given modulat ion depth regardless of 

the modulat ion frequency. O n the other 

hand, the bandwidth of a pure pm signal 

increases w i th both modulat ion ampli tude 

and frequency. 

This situation does not occur in ampli-

tude modulat ion. You might think that the 

large number of sideband frequencies 

wou ld make the frequency spectrum pro-

duced by an fm transmitter prohibi t ively 
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wide. However, the additional side fre-
quencies are of small amplitude, and in-
stead of increasing the bandwidth, modu-
lation by a complex wave actually re-
duces the effective bandwidth of the fm 
spectrum. This is especially true when 
speech modulation is used, since most of 
the power in voice sounds is concentrated 
in the lower audio frequencies. 

generation of fm signals 
Frequency modulation can be obtained 

directly by changing the frequency of an 

AUDIO 
INPUT 

O— 

rsaiffi f*>* 
100 k >•—wv 

m r n 

fig. 8. Simple reactance-tube modulator. 

oscillator with the modulating signal, or 
indirectly with a phase modulator. Phase 
modulation circuits will be discussed later. 

Simple frequency modulation of an os-
cillator avoids the need for phase- to fre-
quency-modulation conversion. In addition, 
it produces a large proportional frequency 
change, so less frequency multiplication is 
needed. 

A block diagram of an fm transmitter 

is shown in fig. 7A. In the fm transmitter, 
the output of the speech amplifier is usual-
ly connected directly to a modulator stage, 
which produces an equivalent reactance 
that varies with the modulating signal. 
This causes the frequency of the oscilla-
tor to vary in the same way. The fre-
quency-modulated signal of the oscillator 
is then multiplied to the desired output 
frequency by the multipliers; a power am-
plifier boosts the signal to the desired out-
put level. 

the reactance modulator 
The reactance modulator is a device 

that is connected across the oscillator 
tuned circuit to vary its resonant frequency 
in accord with applied modulation. A 
vacuum tube or transistor can be made 
to appear as a capacitive or inductive 
reactance by exciting the modulator with 
a voltage which either leads or lags the 
oscillator tank voltage. This leading or 
lagging input voltage causes a corre-
sponding leading or lagging current, and 
the output circuit appears as a capaci-
tive or inductive reactance across the os-
cillator tank circuit. 

The transconductance of a vacuum-
tube reactance modulator has an inverse 
effect on the impedance across the oscil-
lator tank circuit. Since transconductance 
changes with grid voltage, the magnitude 
of the reactance across the tank circuit is 
varied with the grid signal of the reac-
tance tube. If the impedance is complex 
(composed of reactance and resistance) 

500k 

I ,oi za 

m r h 

fig. 9. Practical two-tube reac-
tance modulator. 
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the composite reactance will be varied 

about its zero-signal value when an audio 

signal is applied to the modulator. When 

properly designed and operated, the reac-

tance modulator provides linear frequency 

modulation and is capable of providing 

large frequency deviations. 

practical reactance 
modulator circuits 

There are many possible configurations 
for reactance modulator circuits. The 
principal difference between various ar-
rangements is the type of phase-shifting 
circuit that is used to produce a grid vol-
tage which is in phase quadrature* with 
the rf voltage of the modulator plate. 

A practical reactance-tube modulator is 
shown in fig. 8. The modulator tube is a 
high-gain pentode, such as the 6BA6. The 
plate is coupled through a blocking ca-
pacitor to the oscillator circuit; a second 
capacitor couples the phase-shift network 
to the modulator grid circuit. If resistor R 
is made large in comparison to reactance 
C at the oscillator frequency, the current 
through R - C will be nearly in phase with 
the voltage across the tank circuit, and 
the voltage across C will lag the oscilla-
tor tank voltage by almost 90 degrees. 
The result of the 90 degree lagging voltage 
on the modulator grid is that its plate 
current lags the oscillator voltage by 90 
degrees, and the reactance tube appears 
as an inductance in shunt with the oscil-
lator inductance, thus raising the oscilla-
tor frequency. Capacitance C in fig. 8 is 
often the grid-cathode capacitance of the 
reactance tube. 

Two tubes are used in the practical re-
actance modulator circuit shown in fig. 9. 
A 6AU6 serves as a high-gain speech am-
plifier followed by a 6CL6 reactance mod-
ulator. The 6CL6's high transconductancc 
permits a large value of lagging current 
to be drawn during the modulation swing. 

A frequency-modulated crystal-controllcd 
oscillator is shown in fig. 10. In this cir-
cuit a voltage-variable capacitor (varactor) 
is used to alter the resonant frequency 

•When two voltages are in quadrature, they are dis-

placed 90° in phase. 

loot 

fig. 10. Frequency-modulated crystal oscillator uses 
a variable-capacitance diode across the crystal. 

of the crystal by varying the shunt ca-
pacitance to ground. One or two volts of 
audio are sufficient to provide suitable 
deviation for transmitter operation at 50 
MHz when 8.33-MHz crystals are used. Os-
cillator output is at 25 MHz. 

In the circuit of fig. 10 the audio voltage 
driving the varactor appears in the os-
cillator circuit and produces a small 
amount of a-m. This is eliminated by the 
use of two varactors in the back-to-back 
circuit shown in fig. 11. The audio signal 
is coupled by a high impedance trans-
former to the diodes through capacitors 
that are small in comparison with diode 
capacitance. 

The bridge diode circuit presents only a 
capacitance change, and no component 

fig. 11. Back-to-back varactors produce fm without 
amplitude variations. Modulation transformer should 
present a high impedance to the diodes. 
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of bias or drive voltage is presented to 
the oscillator. Oscillator frequency is de-
termined by L and C, plus the effect of the 
modulator. Bias voltage is used to adjust 
the center frequency of the oscillator, pro-
viding reverse bias for the diodes to place 
thern in the linear portion of their operat-
ing curve. For best results the bias resis-
tors and coupling capacitors should be 
matched. 

determining linearity 
It is often desirable to run a static test 

on a reactance modulator to determine 
its linearity. A frequency-vs-control voltage 
curve is plotted on graph paper, and 
linearity is checked by comparing equal 
increments in control voltage—both pos-
itive and negative—against resulting 
changes in frequency. A circuit that pro-

vides a calibrated negative and positive 
control voltage is shown in fig. 12. The 
calibrated control voltage may be checked 
against the frequency deviation produced 
by the modulator stage and an appropri-
ate graph plotted. 

- 0 7D CONTROL ELEMENT 
OF mACTANCE MODULAR 

SENSITIVE 
ZERO-CENTER I 
METED 

54 "vVV 

9V 9V 

m 
fig. 12. Linearity checking circuit provides calibrated 
control voltage to the reactance modulator. Resistor R 
is chosen for full-scale meter deflection when 5k pot 
is at one end of its range. 

fig. 13. Vacuum-tube phase modulators. The circuit 
in B provides approximately 6 times more deviation 
than circuit A. Inductor L I should be approximately 
27 /iH for resonance at 8 MHz. 
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generation of pm signals 
To generate a phase-modulated signal, 

the carrier is generated in a constant fre-
quency oscillator, and then passed through 
a device which introduces phase variations 
in time with the modulation signal. 

A change in the phase of a signal can 
be produced by passing the signal through 
a network containing both a resistance and 
a reactance. If the series combination is 
considered to be the input, and the output 
voltage is taken across the resistor, a definite 
amount of ph ase shift is introduced, the 
amount depending upon the frequency of 
the signal and the ratio of the resistance to 
the reactance. If the resistance can be varied 
with an applied audio signal, the phase angle 
of the output signal changes in direct pro-
portion to the audio signal amplitude and a 
phase-modulated signal is produced. 

Two practical phase modulators are 
shown in fig. 13. Circuit A is an R-C phase-
shift network with the phase resistance re-
placed by the variable plate resistance of 
a vacuum tube. Since the plate resistance 
of the triode changes with the applied 
audio, the phase between the input and 
the output changes in accord with the au-
dio signal. 

September 1969 g j 19 



In fig. 13B phase modulation is ad-
justed by capacitor C I . Capacitor C2 acts 
as both a phase angle and magnitude 
control. Both capacitors are adjusted for 
maximum modulation. Resonance is es-
tablished by inductance LI . This circuit 
provides about six times the deviation of 
the circuit in fig. 13A. 

Audio and carrier signals are applied 
to the control grid. The rf signal reaches 
the plate circuit by two paths; one 
through the grid-plate capacitance and 
the other by the normal amplification ac-
tion of the tube. When a large, unby-
passed cathode resistor is used, tube 
amplification is greatly reduced, and the 
two signal voltages across the plate cir-
cuit are approximately equal. 

The instantaneous plate voltage of the 
triode is 180° out of phase with the grid 
voltage, but the feedthrough voltage via 
the grid-plate capacitance is in phase 
with the grid voltage. Therefore, the feed-
through is out of phase with the amplified 
voltage. When a modulating audio volt-
age is applied to the grid of the modula-
tor, amplification is varied at an audio 
rate, and the amplified component across 
the plate circuit likewise varies in ampli-
tude. However, the feedthrough voltage 
does not change in either amplitude or 
phase. The resultant plate voltage changes 
in amplitude and phase in accordance 
with the modulating signal. The small de-
gree of amplitude modulation introduced 
by this simple modulator can be elimi-
nated in the following stages. 

the balanced modulator 
Armstrong's original method of generat-

ing pm is still widely used, and a varia-
tion of the basic circuit is shown in fig. 
14. Ssb fans wil l recognize this as a form 
of balanced modulator which produces a 
double-sideband, suppressed-carrier signal. 
The grids of the modulator tubes are fed 
through an R-C network in the output cir-
cuit of the oscillator. Out-of-phase volt-
ages are coupled through small capaci-
tors to a phase-shift network (R1-C3) in 
the grid circuit of the modulator. This net-
work introduces a 45° phase shift between 

OSCILLATOR 

SHOUT LEADS 
TO CRYSTAL 

fig. 15. Compact-varactor modulator for 
low-frequency crystal oscillator. 

the grids of the modulator with respect to 
the reference phase of the oscillator, and 
90° with respect to each other. 

The suppressor grids are fed by a push-
pull audio signal, thus one tube conducts 
at a time. The combination of balanced 
modulator action with an rf carrier that 

fig. 14. Balanced phase-mod-
ulator circuit is a variation 
of Major Armstrong's original 
modulator. This circuit is limited in its 
modulation capability but is very popu-
lar because it's easy to adjust. Tuned 
circuit L1-C4 is tuned to the same fre-
quency as the oscillator. 

i> ° 
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MULTIPLIER 
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is shifted in phase by 90° creates a phase-
modulated output signal. Thus, amplitude 
modulation may be converted to phase 
modulation by removing the carrier, shift-
ing the double sideband 90° and rein-
serting the carrier. 

When the phase-shifted modulation is 
combined with the carrier, the resultant 
signal varies in amplitude as well as in 
frequency. This defect is small when the 
modulation amplitude is kept small in 
comparison with the carrier. As a result, 

tor, with the modulating network in the 
gate circuit. Two silicon diodes used as 
varactors across a phasing coil are driv-
en by the modulating voltage. There is a 
small amount of amplitude modulation with 
this circuit, but it is "washed out" by 
the succeeding stages of the fm exciter. 
The audio system is designed for a high-
gain carbon microphone for mobile ser-
vice. Under these conditions, the rf out-
put of the fet amplifier is about 30 milli-
watts. 
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fig. IB. Phase modulator for 144 
MHz. L1 is 55 turns number 28 
enamel, V." long on Vi" slug-
tuned form. L2 is 14 turns number 
28 enamel, 1/«" long on V," slug-
tuned form. 

this circuit is somewhat limited in modu-
lation capability. It is, nevertheless, used 
in many types of commercial fm trans-
mitters because of its ease of adjustment. 

solid-state modulators 
A solid-state phase modulator that may 

be used with a crystal oscillator is shown 
in fig. 15. In this circuit a two-stage 
amplifier places the modulating audio 
voltage across a varactor which is ap-
plied as a shunt capacitance across the 
crystal. The degree of phase modulation 
is limited with this approach, and the 
lowest possible crystal frequency should be 
used so high deviation ratios can be ob-
tained through frequency multiplication. 

A phase modulator designed especially 
for vhf crystal-controlled fm transmitters is 
shown in fig. 16. The inexpensive field-ef-
fect transistor is used in a crystal oscil-
lator operating in the 4- to 8-MHz range. 
A second fet is used as a phase modula-

Bias for the diode modulator is ad-
justed for maximum deviation with a giv-
en amount of audio as monitored in a 
nearby fm receiver. Channel adjustment is 
accomplished by the trimmer across the 
crystal. 

conversion of phase modulation 
to frequency modulation 

Phase modulation may be received on 
an fm receiver with no difficulty, but the 
modulation will sound harsh and the hu-
man voice will sound peaked and tinny. 
To solve this problem in early designs, the 
phase modulation was changed so the modu-
lation index decreased in inverse proportion 
to the modulating frequency. This is ac-
complished by shaping the response of the 
transmitter speech amplifier with an audio 
correction network (fig. 17) so that the output 
voltage is inversely proportional to the modu-
lating frequency. In current commercial prac-
tice, flat-response audio with tailored clipping 
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is fed to the phase modulator in the trans-

mitter (see footnote, page 13); this results in 

constant peak deviation after modulation, and 

requires the use of post-equalization at the 

receiver discriminator. 

the fm transmitter 
The various direct and indirect methods 

for producing frequency modulation in-

volve changing either the frequency or the 

phase of an rf carrier in accordance with 

crystals allowed sufficient frequency mul-

tiplication to obtain the desired degree of 

deviation at the output frequency. 

Generally speaking, the circuitry used in 

conventional transmitters may be used for 

fm. In fact, aside from the modulator 

stage, the circuitry should be familiar to 
any amateur who has worked with a-m, 

cw or ssb. 

Because the amplitude of an fm signal 

is constant, the signal may be amplified 
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fig. 18. Fm modulation meter depends upon an increase in discriminator output with frequency deviation. 

the modulating signal. The fm signal is 

then raised to the operating frequency by 

passing it through a series of frequency 

multipliers. When the frequency is multi-

plied, the frequency deviation is multiplied 

by a like amount. 

Inexpensive, highly stable quartz crystals 

are available in the 3- to 10-MHz range, 

and many popular vhf fm transmitters use 

these crystals, multiplying the crystal fre-

quency by a factor of twelve, eighteen or 

twenty-four. Some of the earlier military 

fm gear which used wideband fm in the 

20- to 30-MHz region used special low-

frequency crystals (type FT-241) that oper-

ated in the 250- to 500-kHz region. These 

Q 

fig. 17. Audio 
correction network 
and its effect on 
frequency re-
sponse. 

by nonlinear stages such as doubters and 

class-C amplifiers without introducing sig-

nal distortion. Actually, it is advantage-

ous to pass an fm signal through non-

linear stages, since any vestige of ampli-

tude modulation generated in the reac-

tance modulator may be smoothed out by 

the inherent limiting action of a class-C 

amplifier. 

deviation measurement 
Deviation of an fm transmitter must be 

limited to that bandwidth authorized for 

the service. When a single signal is used 

to modulate an fm transmitter, the rela-

tive amplitudes of the various sideband 

frequencies vary widely as the deviation 

is changed as shown in fig. 4. Since we 

know the relationship between the ampli-

tude of the sideband frequencies and 

carrier to the modulating frequency, a 

simple method of measuring deviation is 

possible. This measurement is expressed as 

the modulation index (m). 

The Bessel function plot of an fm signal 

shows that at certain values of the modu-

lation index, carrier amplitude falls to 

zero and all the power is contained in 

the sidebands. By applying a sinusoidal 

audio signal of known frequency to the 
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transmitter, and increasing the modula-

tion until the amplitude of the fm carrier 

reaches zero, deviation can be deter-

mined. The modulat ion index at this point 

may be found from a table, such as ac-

companies fig. 4. 

T h e first point of zero carrier is reached 

when the modulat ion index is 2.405 {when 

the deviat ion is 2.405 times the modula-

tion frequency). For example, if the trans-

mitter is modulated by a 1000-Hz tone 

fig. 19. Simple audio clipper and its output wave-
form. Cl ipping level is determined by bias volt-
age E. 

and the modulat ion level increased until 

the first carrier null is obtained, the de-

viation wi l l be 2.405 kHz . If the modula-

tion frequency is 2000 H z , the deviation 

at the first carrier null is 4.810 kHz. Other 

carrier nulls occur w h e n the modulat ion 

index is 5.52, 8.65, 11.79, etc. 

Carrier nulls may be accurately noted 

with a communicat ion receiver that has 

a selective i-f system incorporating a crys-

tal or mechanical filter. T h e output of the 

fm transmitter is loosely coupled to the 

front end of the receiver, and the unmodu-

lated carrier is monitored with the bfo 

turned on and adjusted to a pleasant 

note, such as 800 Hz . The modulat ing sig-

nal is turned on, and the frequency de-

viation is varied by increasing the ampl i -

tude of the modulat ing signal until the 

800-Hz tone first disappears. 

If an fm transmitter has a maximum 

frequency deviation of 15 kHz, the modu-

lating frequency that wil l produce carrier 

disappearance at an index of 2.405 is 

6237 H z (f = 15,000/2.405 = 6237). A n au-

dio signal of this frequency, when ap-

pl ied to the fm modulator and gradually 

increased in amplitude, wil l extinguish the 

carrier. In the measurements setup this ad-

justment produces a steady lessening of the 

beat note until it becomes inaudible. 

S ince 6237 H z is above the audio range 

of most communicat ions systems, it may 

be desirable to use the third carrier null 

at 8.65. For a maximum deviation of 15 

kHz, the test modulat ing signal w o u l d be 

1734 H z (15,000/8.65 = 1734). This test fre-

quency is better for amateur systems since 

it falls within the desired speech range. 

For this test, the ampl itude of the 1734 

H z tone is increased until the beat note 

disappears for the third time. 

A second method of monitoring devia-

tion is the fm modulat ion meter. This de-

vice consists of a s imple fm receiver 

equipped with a vtvm calibrated in kilo-

hertz of deviation (fig. 18). The instru-

ment depends upon an increase in dis-

criminator output as frequency deviation 

increases. Commerc ia l versions of this in-

strument wi l l measure modulat ion of an 

fm transmitter operating in the range 

from 25 to 500 M H z . Harmonics of the 

local oscil lator are used at the higher 

frequencies. 

o o 

fig. 20. Cathode-
coupted twin-triode 
speech clipper. 

150 M .01 
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modulation limiting 
Frequency deviation in an fm trans-

mitter can be controlled with a circuit 

that keeps the audio signal level within 

prescribed limits. S imple audio c l ipping 

circuits may be used, as wel l as more 

complex deviation control circuits that 

are designed for fm transmission. The 

audio c l ipping circuit shown in fig. 19 uses 

two back-to-back diodes which clip each 

cathode bias. Therefore, both positive and 

negative signal peaks are evenly cl ipped. 

fm reception 
The fm receiver used by Major Arm-

strong consisted of several heavy cabi-

nets of equipment that stretched the full 

length of his laboratory. In 30 years this 

formidable pile of gear has shrunk to the 

battery operated, transistorized fm im-

Q 

O 

fig. 21. Single- and -double-conversion fm receivers. 

half of the audio cycle at a preset level. 

The cl ipping level is determined by the 

bras voltage E. Normally the cl ipper is 

fol lowed by a low-pass filter which re-

moves the higher harmonics created by 

c l ipping action, thus greatly attenuating 

sidebands which could cause adjacent 

channel interference. 

A twin-triode cathode-coupled c l ipping 

circuit (fig. 20) is used in some com-

mercial fm transmitters. When the grid 

signal at the first triode swings too far 

positive, the c o m m o n cathode bias resis-

tor cuts off the second triode; on an ex-

cessively large negative driving signal, the 

first Iriode secl ion is cut off because of 

the combined effect of the signal and 

port sell ing for under ten dollars at the 

corner drug store. 

A n effective fm receiver should be in-

sensitive to changes in signal amplitude 

and sensitive only to frequency changes 

in the received signal. By using slope de-

tection, a conventional a-m receiver may 

be used to receive fm 1 0 although per-

formance wi l l be much poorer than with 

a receiver designed for this service. 

receiver requirements 
There are three main requirements for 

a practical fm receiver: 

1. Bandwidlh sufficient to pass the de-

sired fm signal while rejecting adjacent 

interfering signals. 
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2. Detector for converting frequency 
into audible amplitude changes. 

3. Limiting systems to eliminate signal 
amplitude variations before the detector. 

A block diagram of a typical fm receiver 
is shown in fig. 21A. 

Most vhf fm receivers are double con-
version receivers such as fig. 21B. When 
good selectivity is necessary, a low inter-

The i-f system must provide sufficient 
selectivity to discriminate against stations 
operating on adjacent channels, and still 
have sufficiently broad response that the 
outer sidebands of the desired fm signal 
are not distorted. 

To obtain the required selectivity con-
sistent with the proper passband, special 
bandpass i-f filters are used, such as 
mechanical or crystal filters, or even L-C 

m rh 

r 
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fig. 22. Typical i-f limiter circuits. 

mediate frequency is desirable; this, how-
ever, degrades image signal rejection. 
Similarly, if good image rejection is re-
quired, a high i-f should be used, but 
this is not compatible with good adjacent 
channel rejection. These difficulties may 
be overcome by combining the advantages 
of low and high i-f amplification in the 
double-conversion arrangement. First the 
received signal is mixed with a local os-
cillator signal to produce a high intermediate 
frequency; a second local oscillator signal is 
then mixed with the high i-f signal to 
produce a low frequency i-f signal. 

Low noise rf amplifiers and mixers in 
fm receivers are the same as their coun-
terparts in a-m receivers. Since most vhf 
fm receivers work on crystal-controlled 
channels, the local oscillators may also 
be crystal controlled. Channel switching is 
accomplished with either mechanical or 
electrical switching systems. 

The f-m detector requires signals on the 
order of several volts for proper opera-
tion. Since the front end works in the mi-
crovolt region, the i-f amplif ier must per-
form most of the voltage amplification. 

filters (Motorola Permakay filter). If the 
transmitter deviation is changed, the 
filter may be replaced with one having 
a passband that matches that of the 
transmitter. 

i-f limiting 
Most fm detectors are sensitive to 

changes in the amplitude of the received 
signal so they must be preceded by a 
limiter that removes all amplitude fluc-
tuations from the signal. The limiting cir-
cuit may be an i-f amplifier stage hav-
ing very low plate voltage and grid-re-
sistor bias so that it overloads easily. 
Thus, when a certain signal level is 
reached, further increases in input signal 
produce no change in the output. If suf-
ficient gain exists ahead of such a stage, 
variations in amplitude of the received 
signal are removed. Although a limiter 
may provide some amplification before the 
saturation point is reached, its main pur-
pose is to limit the amplitude variations 
caused by fading and noise. 

The limiter circuits shown in fig. 22 are 
similar to conventional i-f amplifiers ex-
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cept for the bias system. The R-C net-
work produces a bias voltage that is 
equal to the peak rectif ied voltage be-
tween grid and cathode or between emit-
ter and base. Short ampl i tude distur-
bances such as noise are longer than the 
t ime constant of the R - C circuit and are 
c l ipped off. Longer signal variations such 
as fading appear in the output. To take 
care of the slower fading, it is common 
practice to fol low the first short-time-con-
stant l imiter wi th another l imiter w i th a 
longer t ime constant. 

that is tuned to a frequency that differs 

somewhat from the average frequency of 

the fm carrier as shown in fig. 23. As 

the carrier frequency fluctuates, the cur-

rent in the detuned circuit varies, increas-

ing as the impressed frequency approach-

es lhe resonant frequency of the circuit , 

and decreasing as the impressed fre-

quency departs from the resonant fre-

quency. The output is an a-m wave that 

may be demodulated by an ordinary di-

ode detector. Since the side of the reso-

nance curve is not linear, only a small 

fig. 24. Double-tuned 
discriminator and its 
a-m output craracteris-
tic. Curves shown by 
dotted lines are unde-
sirable responses of 
this circuit. 

f t fa 
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fm detectors 
A device that converts frequency-mod-

ulated signals into audio signals is cal led 
a discr iminntor. The simplest form of dis-
cr iminator is an ordinary tuned circuit 

fig. 23. Slope detection using the response 
curve of an ordinary tuned circuit. 

^Output 

portion of the resonance curve is useful 
for l inear convers ion of f requency varia-
tions to ampl i tude var iat ions.1" Also, a re-
ceiver used in this manner is vulnerable 
to noise as we l l as interference from a-m 
signals appearing at the peak of the 
resonance curve and fm signals on the 
opposite slope. 

double-tuned discriminators 
The l inearity can be greatly improved 

by using two stagger-tuned circuits in-
stead of one and choosing the difference 
between the two outputs.1 1 A double-tuned 
discr iminator circuit is shown in fig. 24A. 
In litis circuit the input tuned circuit is 
resonated to the resting fm carrier fre-
quency, and the resonant frequencies of 
tuned circuits A and B are spaced slight-
ly moie than max imum transmitter de-
viation. The audio output from this 
circuit is practical ly tree of distortion lie-
cause of the linear operating characteris-
tic about the resting carrier frequency. 
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However, the response curve in fig. 24B 
shows that reception is possible at three 
points, corresponding to each outer por-
tion of the resonant curves plus the de-
sired linear operating region in the 
center. 

The output from each tuned circuit is 
applied to a diode detector. When the fm 
signal is at its resting frequency, the volt-
ages across load resistors R1 and R2 are 
equal and of opposite phase, and the 
output voltage is zero. When the fm car-
rier goes higher than the center fre-

fig. 25. Foster-Seeley discriminator; output volt-
age vs frequency is the same as fig. 24. 

quency, more voltage is developed across 
one tuned circuit than the other; when 
the frequency swings lower than the cen-
ter frequency, the voltage developed 
across the other tuned circuit is greater. 
By careful adjustment of the circuit con-
stants the rectified audio voltage is a 
linear function of the impressed frequency. 

Another discriminator circuit is shown 
in fig. 25. It can be shown that this cir-
cuit is essentially a double-tuned pair12 

and that the output vs frequency curve 
of fig. 24B also applies to this circuit. 

Circuit operation is based on the phase 
relationships in a transformer with a 
tuned secondary. At the resonant fre-
quency of the secondary the rf voltage 

across each half of the winding is 90° 
out of phase with the primary; the volt-
ages are 180° out of phase with each 
other since the winding is center tapped. 
When the received signal is at resonance, 
equal rf voltages are applied to each di-
ode; the rectified voltages across the di-
ode load resistors are equal but of op-
posite polarity so the net voltage output 
is zero. 

When the fm carrier shifts frequency, 
one diode conducts more than the other 
because of disturbed circuit balance. If, 
for example, D1 conducts more than D2, 
the voltage drop across R1 would be 
greater than the drop across R2 and the 
output terminal would be positive. If the 
carrier shifts in the other direction, D2 
conducts more than D1, the voltage drop 
across R2 increases, that across R1 de-
creases, and the output terminal is nega-
tive. Thus, when the carrier deviates 
above and below its resting frequency, an 
audio voltage is developed at the output 
terminal—the same frequency as the 
original modulation and proportional to 
deviation. 

ratio detector 
A disadvantage of the discriminator 

circuit of fig. 25 is that its output is af-
fected by amplitude variations at the in-
put as well as frequency variations. The 
ratio detector in fig. 26 was developed as 
an fm detector that responds only to in-
put frequency variations because the out-
put depends upon the ratio of the cur-
rents through the diodes rather than the 
voltage difference between them. Since the 
ratio detector is insensitive to a-m, it is not 
necessary to use a limiter ahead of it. 

In the ratio detector in fig. 26, the large 

fig. 26. Ratio detector is 
relatively insensitive to am-
plitude modulation. 

too loot 
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value of C3 tends to maintain the volt-
age across C1 and C2 at a constant 
level. As with the two discriminator cir-
cuits discussed earlier, the relative aver-
age currents through the; diodes vary 
with input frequency. The voltages across 
C1 and C2 vary correspondingly, one 
increasing as the other decreases, while 
their sum remains constant. If the two 
diode circuits are carefully balanced, the 
output voltage is practically independent 
of any amplitude variations on the in-
coming signal. 

on it. The square waves from the limit-

ing amplifier are rectified by the diodes 

to negative pulses which charge the out-

put capacitor C. As the frequency in-

creases, the average rate of charge in-

creases; when the frequency decreases, so 

does the voltage across the capacitor. 

The charge on the capacitor depends up-

on the deviation of the signal from the 

resting frequency. The shunt resistor low-

ers the time constant of the circuit so 

the stored charge can change fast 

enough to reproduce an audio signal. 

}30T 

7 
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fig. 28. Gated-beam dis-
criminator uses specially 
designed vacuum tube. 
Quadrature circuit is tuned 
to the same frequency as 
the fm carrier. 

M RN 

AUDIO 
OUTPUT 

QUADRA TURE CIRCUIT 
(90' PHASE: SHIFT 

WITH RESPECT TO 
CARRIER I 

At the carrier resting frequency, C1 and 

C2 are chargecf to a constant value. 

When the frequency decreases, C2 ac-

quires a greater charge than C I ; when 

the frequency increases, C2 is charged 

less than C I , although the sum of the 

charges remains the same. The audio 

output at the junction of C1 and C2 fol-

lows the frequency deviation. 

cycle-counting detector 
An fm detector that uses no tuned cir-

cuits is shown in fig. 27. This cycle-count-

ing detector operates with a resistance-

coupled i-f amplifier and responds directly 

to the number of cycles impressed up-

LAST l LIMllER T ] 
STA6E > 

fig. 27. Cycle-counting detector charges capacitor C 
at rate proportional to modulation frequency. 

Finally, mention should be made of the 
6BN6 gated-beam detector shown in fig. 
28. This fm demodulator is a special 
single-tube circuit that features excellent 
sensitivity and high output. With one or 
two volts on the input, incoming signals 
need little amplitude to cut the tube off 
for negative peaks; similarly, for positive 
peaks of the incoming signal, saturation 
is reached. Limiting action may be ad-
justed by a variable bias resistor in the 
cathode circuit. 

Discriminator action in the gated-beam 
tube takes place as a result of signal 
phase shift between two control grids 
which are 90° out of phase with each 
other by virtue of a quadrature circuit 
connected between them. When the quad-
rature circuit is properly tuned, the elec-
tron beam ij, modulated in proportion to 
the modulation on the incoming signal. 

squelch circuits 
Squclch circuits are used to mute the 

audio when no signals are present. In a 
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high-gain receiver, speaker noise can be 
very annoying to operators who must 
monitor a channel for long periods. When 
the receiver is squelched, no background 
noise is heard; when an rf signal comes 
on, squelch is turned off and the audio 
system becomes operative. 

A simple squelch circuit is shown in fig. 
29. The squelch voltage is derived from 

fig. 29. Discriminator derived squelch circuit. 

the discriminator circuit. The center of the 
discriminator load resistors develops a 
negative voltage when a signal is ap-
plied. This voltage is passed through an 
R-C network and is sufficient to bias the 
squelch tube to cutoff and permit a sig-
nal to pass through the audio amplifier. 

Without an input signal, a positive bias 
(applied to the junction of R1 and R2) is 
greater than the bias applied to the cathode 
of the squelch tube; this causes the tube to 
conduct, dropping the plate voltage and 
cutting off the audio tube through resistor R3. 

A more complex squelch circuit is shown 
in fig. 30. This circuit consists of three 
stages; a noise amplifier, a noise rectifier 
and a squelch control tube. In the absence of 
signal, the limiter stages of the fm receiver 
pass a continuous and constant level of 
noise voltage to the discriminator. Noise 
higher than the voice frequencies is amplified 
and passed to the noise rectifier developing 
positive voltage across the load resistor. 

A negative bias voltage from the grid cir-
cuit of the second limiter is applied to the 
anode end of the load resistor. The sum of 
the negative limiter voltage and the positive 
rectified noise voltage appears across the 
load resistor. When a signal is received, the 
signal voltage overrides the noise voltage, 
reducing the positive noise voltage at the 
noise rectifier. 

The dc amplifier is biased near cutoff, the 
audio stage is biased to normal operating 
conditions, and squelch is removed. The 
variable squelch level control is set to limit 
the gain of the noise amplifier tube, thus 
limiting the noise voltage to a value that 
will just bias the audio stage to cutoff. 
Hence, when even a weak carrier signal is 
received which quiets the noise, the squelch 
is opened. 
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transistorized squelch 
The transistorized squelch circuit shown in 

fig. 31 consists of a noise amplifier Q1, noise 
detector D1, and a squelch gate (switching 
circuit) Q2. In the absence of an rf carrier, 
noise output from the discriminator is ampli-
fied by Q1. The ac output of Q1 is rectified 
and applied as bias to the base of Q2. With 
no noise signal applied, Q2 is cut off and Q3 
is conducting; thus, the desired audio signals 
are amplified by Q3 and applied to the audio 
driver stage Q4. 

signals below 4000 Hz do not. This is accom-
plished in the input circuit to the noise am-
plifier. The time constant is such that signals 
below 4000 Hz are greatly attenuated and do 
not provide sufficient rectified voltage to 
overcome the squelch threshold voltage at the 
base of the squelch-gate transistor. 

Some squelch circuits substitute a relay in 
place of the blocking tube or transistor, with 
the relay contacts breaking the speaker cir-
cuit or activating auxiliary control circuits 
when the fm carrier appears. 

NOISE AMPLIFIER 
2HS70/HEPZ54 

02 
SQUELCH BATE 
2N270/HEP2S4 

03 
AUDIO AMPLIFIER 
2N270/HEP254 AUDIO DRIVER 2NI008 

fig. 31. Transistorized squelch circuit. 

In the absence of carrier, noise at fre-
quencies at 4000 Hz or higher is applied to 
noise amplifier Q1, rectified and applied to 
the base of squelch-gate transistor Q2. When 
this voltage reaches a predetermined level 
(threshold) determined by the squelch con-
trol, the squelch-gate transistor conducts. 
Since the squelch-gate and preamplifier emit-
ters are returned to ground through a com-
mon emitter resistance (R), conduction of the 
squelch gate results in a more negative volt-
age at the emitter of the audio amplifier, Q3. 
This increased negative voltage cuts off the 
audio stage and no signal reaches the audio 
driver. 

Most of the objectionable noise is in the 
frequency range above 4000 Hz, but the de-
sired audio is in the 300- to 3000-Hz range. 
The squelch circuit is designed so that signals 
above 4000 Hz open the squelch gate and 

automatic frequency control 

Some fm receivers are equipped with an 
automatic-frequency-control (afc) circuit 
which adjusts the frequency of the mixer os-
ci/lator to compensate for variations in the 
received signal frequency or frequency drift 
in the oscillator. 

In an afc system, a discriminator is used 
to provide a dc voltage which is proportion-
al to the frequency of the received signal. 
The potential at the output of the discrimi-
nator is used to control a reactance modula-
tor shunted across the oscillator tuning cir-
cuit. Circuit constants are chosen so the 
tuned circuit varies the oscillator frequency 
to cancel out drift. The response of the sys-
tem must be sufficiently slow so that varia-
tions in carrier frequency caused by modu-
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lation have no effect on the afc; only s low 
variations in the average frequency are able 
to operate the reactance tube (fig. 32). 

fm repeaters 
Vhf radio transmission is essentially 

short range, l imited to line of sight unless 
sophisticated equipment is available to take 
advantage of unusual modes of propagation. 
A two-way radio relay station or repeater 
may be used to extend the communicat ion 

their own installations may cross-communi-
cate. 

The repeater receiver is normally in a 
standby condition, as is the transmitter sec-
tion. Upon remote command a carrier-oper-
ated relay is a l lowed to place the repeater 
on the air, with receiver audio ted through 
a coupler lo the transmitter modulator. After 
transmissions are complete the relay opens 
and the repeater is removed from the air. 

Simplex operation refers to communica-

Solid-state squelch circuit suggested by K6HWJ uses an n-channel fet as a series audio gate. 

range between two or more fm stations. Vari-
ous types of repeaters are in use in the United 
States and Canada, their operation and mode 
depending upon the requirements of the cir-
cuit they cover. 

A repeater receives on one frequency and 
transmits on another. It may use separate 
antennas or a single antenna and diplexer 
so both reception and transmission can oc-
cur simultaneously. The user's transmitter 
is on the input frequency of the repeater, 
whi le his receiver is tuned to the output. 
The remote base (fig. 34) is a form of repeat-
er whose location has a height or tactical 
advantage. 

An unattended repeater may be operated 
by remote control under the provisions of 
Section 97.43 of the FCC Rules; control may 
be by wire , or by radio on an amateur fre-
quency above 220 MHz. In some instances, 
remote repeaters serve on common frequen-
cies so that individual groups operating 

tion between individual units operating on 
a common transmit and receive frequency, 
which may, in turn, be interfaced with re-
peater operation, using either a local or re-

fig. 32. Automatic-frequency-control circuit. 
47 

September l % 9 g j j 31 



mote base. While most repeaters are limited 
to a single communication channel, multi-
plex operation, or simultaneous transmis-
sion of two or more signals on a common 
carrier, is sometimes employed by means of 
narrow band filter techniques. For example, 
simultaneous voice and RTTY transmissions 
may occur on a single fm channel. It is also 

ually 40 kHz, beginning with 52.56 MHz, in 
addition to the national calling channel at 
52.525 MHz. Some narrow-deviation fm is 
used on the West Coast on 51.0, 51.1, 51.2 
and 51,3 MHz, with additional channels near 
these frequencies for limited-access repeaters. 
Fm channels on the 2-meter band are usually 
60 kHz apart, starting at 146.040 MHz, includ-

possible to insert traffic at a repeater for 
transmission in either or both directions. 
Duplex {simultaneous two-way) transmis-
sions through the repeater may be achieved 
in many cases. 

vhf amateur fm operating standards 
Generally speaking, vhf amateur fm tech-

niques are based upon the channel concept. 
Transmitters and receivers are mainly crys-
tal controlled on a given channel and ran-
dom tuning techniques common to the low-
er frequency amateur bands are absent. 
Channel spacing on the 6-meter band is us-

fig. 33. Block diagram of a typical vhf 

fm repeater. 

ing the national calling frequency at 146.94 
MHz. A spot frequency of 29.6 MHz is often 
used for fm operation on 10 meters, with 
channel spacing of 40 kHz starting at 29.040 
MHz. On the 420-MHz band, channel spacing 
is 50 kHz. Standard deviation for all bands is 
15 kHz, with some trend towards narrower 
deviation of 5 kHz. Antenna polarization is 
vertical. In some areas where both wide- and 
narrow-band equipment is in use, a compro-
mise deviation of 7.5 kHz peak is used. 

getting started 
Vhf fm is an increasingly popular facet of 

amateur radio. The contrast in operating 
techniques from the QRM-filled lower fre-
quency bands appeals to many operators. A 
big advantage of fm is the "quiet intercom" 
style of operation. Crystal-controlled trans-
mitters and receivers eliminate tuning and 
missed call letters, fading is conspicuously 
absent, and interference is minimum. 

Radio clubs and technical groups find fm 
perfect for club communication, and semi-
private fm nets are springing up in the larg-
er cities, as are "open" nets. Several nation-
wide channels have been established so that 
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fm'ers from one area can quickly establish 
communication in another area when mobil-
ing across the country. 

Second-hand fm equipment is available 
from many sources at prices ranging from 
ten dollars for "junkers" up to S100 or so. 
A good mobile two-way fm installation 
should probably be available for under $70, 
depending upon power, model and condi-
tion of the gear. Motorola, General Electric 
and RCA are some of the more popular 
makes of equipment, as circuit diagrams and 
replacement parts are readily available. 

Some imported equipment for 2- and 6-
meter fm is starting to show up on the 
American market; and other U.S. brands 
such as Link, DuMont, Kaar, Aerotron and 
Bendix are common also. Conversion of 
commercial gear for amateur use entails the 
purchase of new crystals and retiming of 
various stages to the amateur bands. Some 
vhf commercial gear (for the 1-18- to 170-
MHz range) requires padding capacitors in 
the rf stages. 

A gold mine of information on the latest 

This battery-operated fm handie-talkie 
provides one watt output on two meters 
and is typical of surplus gear used on 
the amateur bands. 

in amateur fm techniques and equipment 
may be found in the monthly magazine FM13 

For additional background on fm techniques, 
the reader is referred to references 14 to 22. 

references 

1. |. R. Carson, "Notes on the Theory of Modula-
tion", Proceedings I.R.E., February, 1922, p. 57. 
2. !;. H. Armstrong, " A Method of Reducing Dis-
turbances in Radio S };n.i!in;; by a System of Frequency 
Modulation", Proceedings IRE., May, 1936. p. 689, 
3. D. II. Noble, IVI CAS, "frequency Modulation 
fundamentals", Q5T, AtiRUH. 1939, p. 11. 
4. C . Grammer, W1DF, C . Goodman, VVIDX, "Wide-
band Frequency Modulation in Amateur Communica-
tion", Q.VT, January, 1<M0, p. 11. 
5. R, S. Krusc. WiFG, "The Armstrong System of 
Modulation", Radio, lanuary, 1936, p, 62 (reprinted in 
Radio, April, 1940, p. 42). 
6. P. Fcrrell, Jr., "Weak Signal CM Reception", 
Radio, December, 1940, p. 11. 
7. D. G. Fink, "Phase-Frequency Modulation", Ehc-
tromcs, November, 1935, p. 17. 
ft. |. R. Hay, "A Receiver for Frequency Modulation", 
Clectromo, lime, ITO, p. 32. 
9. |. F. Rider, "Frequency Modulation", John F. Rider 
Publisher, Inc., New York, 1940. 
10. C. C. Drumellcr, W5JI, "Distortion in FM Sys-
tems", /i.irn radio. August, 1069, p. 26. 

11. C. Travis, "Automatic Frequency Control", Pro-
ceedingf I R E., October, 1935, p. 1125. 
12. L. B, Arguimhau, "Vacuum Tube Circuits", John 
Wiley & Sons, Inc., New York, 19-10, pp. 486-494. 

13. FM, VDB Publishing Co., 2005 Hollywood Street, 
Crosse Pointe, Michigan 40236. 
14. S. II. Wolf, editor, "FM Schematic Digest", Two-
Way Rodio Engineers, Inc., IH-pl H., TIIH) Fremont 
Street, Boston, Massachusetts 02120. 
15. Helmi, "Two-Way Radio Handbook", Howard 
W. Sams, Indianapolis, 1964. 
16. "FM Transmitters and Receivers", Technical Man-
ual I'M 11-6611, $1.50, U. S. Government Printing Of-
fice, Washington, D. C. 20402. 
17. J. Connors. W6AYZ, "Amateur VHF FM Opera-
tion", ha in radio, June, 1968, p. 36. 
18. A. I lund, "Frequency Modulation", McGraw-Hill 
Book Co., Inc., New York, 1942. 
19. C. t. Fibbs, "Frequency Modulation Enginecr-
injj", Chapman and Hall, ltd., London, 1947. 
20. N. Marchand, "Frequency Modulation", Murray 
Hill Books, Inc., New York, 1948. 
21. M. S. Kiver, "F M Simplified", D. Van Nostrand 
Company, Inc., New York, 1947. 
22. A. K. Cook, A. A. I.iff, "Frequency Modulation 
Receivers", Prentice-Hall, Inc., Englcwood Cliffs, 
New Jersey. 1968. 
23. "Communications Equipment Schematic Manual", 
Howard VV. Sams Photoiact, Indianapolis, Indiana. 

ham radio 

September 1969 g j j 33 



using 
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power supplies 

This clears up 
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Although an IC may specify a dual-polarity 
power supply, a single-polarity supply can 
usually be used. This applies to almost all 
IC's but should be of particular interest to 
those who read my article in the May 1968 
issue of ham radio.1 

The article showed the uses for an IC op-
erational amplifier in amateur radio circuit 
applications. Apparently, however, some 
readers have been confused as to how the 
power-supply connections to the IC should 
be handled. Since similar confusion can de-
velop when using an IC—not just the one 
shown in the article—I thought it would be 
worthwhile to explain in some detail how 
proper power supply connections to an IC 
can be made. 

basic mistake 
Perhaps the simplest mistake was to mis-

understand the power-supply voltage require-
ments. For instance, in fig. 1, which is a 
simple wideband rf amplifier, some builders 
connected a 6-volt battery between terminals 
4 and 6, and others connected a 12-voIt bat-
tery between the same terminals. Both con-
nections are wrong. The IC won't function 
and will probably be ruined by the 12-volt 
battery. Note there are three reference 
points for the power supply connections: 
terminals 1 and 3, 4 and 6. Terminal 4 must 
be 6 volts negative with respect to terminals 
1 and 3. Thus, two 6-volt batteries are re-
quired, or a power supply that will deliver a 
plus and minus 6-volt output. This basic dual-
voltage requirement is common to most op-
erational amplifier IC's. 

a dual-polarity supply 
There should be no problem in obtaining 

the dual-polarity voltages. The simple circuit 
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of fig. 2 can be used for light loads. An addi-
tional rectifier/filter can also be included in 
an existing power supply to obtain the vol-
tage (of either polarity). However, situations 

INPUT 
o — 

Ik 
- V W -

22* 

82 
rVW 

jr 
MCI 330 V 

5 pF 

* I 3pr 

OUTPUT 
O 

o o 
6V +6V 

fig. 1. Wideband IC amplifier is 
normally wired for use with a 
dual-polarity power supply. 

exist where you might want to use only a 
single-voltage supply, either because only 
one battery source is available (such as in an 
automobile), or it's too complicated to modi-
fy an existing supply that has an exceptional-
ly well-filtered output of given polarity. 
Therefore, it's worthwhile to see how IC's 
can be modified to operate from a single-
voltage power supply. 

operation from single-voltage 
power supply 

As mentioned for the IC shown in fig. 1, 

three reference points exist for supplying 

power: —6, 0, and + 6 volts (or simply —V, 

0, and + V on other IC's). Whatever power 

supply is used, these reference levels must 

be maintained. O n e possibility for using a 

single-voltage supply is to make the refer-

ence levels 0, + V , and + + V . Thus a 12-volt 

supply with a 6-volt tap could be used to 

power the IC shown in fig. 1. 

The most important point to remember, 

however, is that the former zero reference 

(terminals 1 and 3 in fig. 1) now requires a 

+ V level. You cannot simply connect termi-

nal 4 in fig. 1 to ground, place a 12-volt 

source on terminal 6, and leave all other 

connections alone. Terminal 1 of the input 

differential amplifier in the IC is normally 

at ground potential when using dual-supply 

voltages and must be biased to one-half the 

total single-supply voltage. 

ic's with external and 
internal grounds 

Some IC's have an external ground termi-

nal, as shown in fig. 3A, while others have 

only an internal ground reference point, as 

shown in the equivalent circuit of fig. 4A. 

This doesn't change the basic condition for 

properly biasing the input terminal when an 

IC designed for a dual-voltage-poiarity pow-

lOOOtiF 

m 

fig. 2. Simple power supply that delivers 
dual-polarity output. With some audio circuits 
it may be necessary to add another 47-ohm 
resistor/1000 ^F capacitor in each output 
lead to reduce hum to a very low level. 

er supply is used with a single-polarity sup-

ply. An example of how each IC can be 

biased is shown in figs. 3B and 4B. The cir-

cuit in fig. 3B shows only the dc power 

connections to the IC and is quite straight-

forward. 

Some IC's of the type shown in fig. 4 

have a terminal marked "offset adjustment" 

which, for most amplifier uses, is connected 

to the + V terminal of the IC. Isolating resis-

tors R1 and R2 in figs. 3B and 4B ensure that 

the IC input impedance is not degraded by 

the power supply connection. Resistor R1 

can usually be from 50k to 1000k ohms. R2 

may or may not be required, depending on 

what use was made of this differential input 

terminal in the original circuit. If the termi-

nal in the original was grounded, R2 will 

probably not be needed, and terminal 1 in 
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figs. 3B and 4B can be connected directly to 
+ V . 

If the original circuit had terminal 1 con-
nected in some sort of feedback or dual-
input function ; then R2 must be used. Its 
value can be best determined by experimen-
tation, so that the original circuit function 
isn't disturbed. A practical rule, however, is 
to make R2's value equal to about the paral-
lel combination of R1 and the feedback re-
sistor used in a specific circuit (the 22k-ohm 
resistor between terminals 5 and 2 in fig. 1). 

some samples 
Probably the best way to clarify the prin-

ciples just mentioned is to illustrate their ap-
plication to a specific circuit. Suppose you 

want to operate the wideband amplifier 
shown in fig. 1 from a single-polarity power 
supply. Fig. 5 shows two ways of accom-
plishing this. 

In fig. 5A a zener voltage divider is used 
to obtain 6 and 12 volts from the power 
supply. Terminal 6 of the IC goes to the 
12-volt point. The terminal 4 dc-reference 
shown in fig. 1 is now connected directly 
to ground. The 100k-ohm resistor between 
terminals 1 and 2 performs the isolating 
function of R1 as described for fig. 3B. 

Fig. 5B shows almost exactly the same 
connections, except that a simple resistive 
voltage divider, instead of a zener-d iode di-
vider, is used to obtain the 6-volt level. 

2 o 

fig. 3. Equivalent circuit and signal-polarity supply connection for an IC having an external ground terminal. 
Signal connections are not shown. 

fig. 4. Equivalent circuit and single-polarity supply connection for an I C with an internal ground terminal. 
Terminal marked "offset adjustment" may not be present on all operation-amplifier ICs, 
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Either circuit can be used, depending on the 
components available and the regulation of 
the basic power supply. 

Note that either circuit places a dc-bias 
voltage on the input and output terminals of 
the IC, which was not present before. There-
fore, if the original circuit used direct coup-
ling to the input and output stages, a de-
blocking capacitor will be required in the 
input and output leads. Normally, this won't 
alter circuit performance. The only excep-
tion would be if the IC were used as a dc 
amplifier. In this case, additional circuitry 
may be necessary, or it may not be feasible 

to operate the IC from a single-polarity 
power supply. 

an exception 
Almost all IC's require the techniques de-

scribed. However, if a unit designed for a 

dual-polarity power supply is to be used 

properly with a single-polarity supply, you'll 

find that manufacturers are designing their 

IC's to be used with different power sup-

plies. The IC internal circuits are arranged to 

avoid the necessity for biasing the IC input 

terminals for different power supplies. 

Fig. 6 illustrates such an IC: the Motorola 

INPUT Ik 
o w v 

fig. 5. Two methods of providing a voltage divider. Complete circuit is shown in A; only dc-power connections 

are shown in B. 

Q O 

fig. 6. The Motorola MC1554 (HEP 593) audio power amplifier IC is especially designed to simplify operation 
from either a single- or dual-polarity supply (A and B respectively). 
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MC1554, which is a complete 1-watt audio 
power amplifier. Fig. 6A shows IC connec-
tions using a single-polarity power supply, 
and fig. 6A those using a dual-polarity sup-
pfy. The connections are similar and involve 
no modification to the input circuit. Termi-
nal 10 ( V + ) is connected to the positive 
power-supply terminal in both cases. Termi-
nal 7 (V—) is connected either to ground or 
to the negative power-supply terminal. Ter-
minal 3, called the bias-reference terminal 
to avoid confusion with the V-terminal 
(which may also be connected to ground), 
is either unused or grounded as shown. 

decoupling and suppression 
Care must be taken in any amplifier to 

prevent oscillation and instability due to sig-
nal coupling via power supply or other leads. 
The requirements are even more stringent 
for IC's because (1) the IC is a concentrated 
package of high gain capability, and (2) it 
has an extremely wide frequency response. 
An audio-amplifier IC, for instance, may 
have a response up to several hundred kHz. 
Therefore, feedback capacitances or coup-
ling circuits small enough not to affect a 
tube or transistor audio amplifer may well 
cause an IC amplifier to oscillate. These os-
cillations may not be heard because of their 
high frequency, but nonetheless can cause 
the IC to heat up and possibly be destroyed. 

The 10-ohm resistor and the 0.1-juF capa-
citors shown in fig. 5A, the 0.1-mF capacitors 
shown in fig. 5B, and the series 10-ohm and 
0.1- or 0.01-juF networks shown in fig. 6 are 
examples of decoupling or bypassing com-
ponents. They should never be eliminated to 
simplify construction. These components are 
shown at various places in the schematics, 
but in practice they should be mounted as 
close as possible to the IC terminal with 
which they are associated. All lead lengths 
should be kept as short as possible to avoid 
the buildup of lead inductance, which can 
cause instability. 

reference 

1. )ohn J. Schultz, VV2EEY, "Amateur Uses of the 
MC1530 IC ," ham rail JO, May 1968, p. 42. 
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Of Ihe many pursuits available to experi-
menters in amateur radio, perhaps none 
offers more challenge and personal satis-
faction than working in the frequency 
region above one gigahertz. It's challeng-
ing because lubes and components obey 
physical laws in a different manner than 
at the lower frequencies. Personal .satis-
faction occurs when you've mastered the 
techniques and special discipline required 
to make microwave circuits perform prop-
erly (or at all). 

The objectives of this article are to en-
courage more amateur activity in our 
microwave bands and to show how wc 
resolved one of the many problems one 
encounters at the "last frontier"—obtain-
ing useful drive power in a frequency 
Iripler at 1296 M i l / through the ii- i- of a 
simple homemade cavils'. 

some background information 
An excellent discussion of the behavior 

of grid-controlled power lubes al Ihe high-
er frequences is contained in reference "I. 
One of the things the article points out is 
that, as frequency increases, the internal 
structure of the lube becomes an ap-
preciable pa it of the resonant cucuit. D i iv -
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ing voltage decreases because of the re-

actance presented by tube lead induc-

tance. Because of this and other peculiari-

ties, tubes operating at uhf and beyond 

are inefficient as frequency multipliers, at 

least in amateur work. 

the varactor 
Solid-state technology has developed a 

device that seems, presently, to be the only 
answer for obtaining usable amounts of 
power with reasonable efficiency in mul-
tiplier circuits at the higher frequencies. 
The device is known as a varactor, or 
voltage-variable capacitance diode. 

By definition a diode is a two-terminal 
p-n junction. Normally it operates as a 
rectifier (forward conduction), or as a volt-
age regulator (zener) conducting in the re-
verse direction. True, the varactor is a 
two-terminal p-n junction, but it's not cor-
rect to call it a diode per se. As with all 
p-n junctions, the varactor has a junction 
capacitance. This is what makes the var-
actor work as a frequency multiplier. The 
junction capacitance varies with applied 
voltage, which results in harmonic pro-
duction. 

A very readable treatment of varactor 
principles is contained in reference 2. 
Equations are derived showing the rela-
tionship of junction capacitance and ap-
plied voltage. The end result is a voltage 
across the varactor containing two dc 
components and a second component rich 
in harmonic content. 

fe 

fig. t. The varactor as a frequency multiplier. In A 
tt is tuned to the fundamental and f2 to its second 
harmonic. Part B shows a tripler circuit with f2 tuned 
to the second harmonic (the so-called idler). Series 
circuit f3 is tuned to the third harmonic of f1- Bias 
voltage is developed across R1 when the varactor is 
driven into conduction on peaks of the input voltage. 

higher-order harmonic generation 
In varactor application if frequencies 

higher than the second harmonic are de-

sired, idler circuits are used. These are 

tuned circuits that pass or attenuate har-

monic currents to obtain the desired out-

put frequency. Fig. 1 shows the develop-

ment of a frequency multiplier varactor 

for generating third-order harmonics. The 

tuned circuits are affected by the varactor 

capacitance, which in turn varies as a 

function of the applied voltage. In a har-

monic generator this voltage varies sinu-

soidally, so the average varactor capaci-

ICR 
' RA 

\ rn rTi rn 

-L „ 
M 

SHIELD SHIELD 

C1, C5, C7 Brass or copper disc, 0.4 inch diameter 

C2, C6 Brass or copper rod, 10/32 thread 

C3 0.6 — 30 pF piston (.Johanson JMC 
1901') 

0.6 — 5 pF piston (Johanson JMC-1375) C4 

L1 

L2 

L3 

J1, J2 

R1 

Brass or copper tubing, 5/16 inch di-
ameter, 2.55 inches long 

No. 14 c o p p e r wire, 3'/i inches long 

Brass or copper tubing, 5/16 inch di-
ameter, 1.1 inch long 

Single-hole-mount female BNC con-
nectors 

100k to 1 megohm, </• W (see text) 

fig. 2. Schematic of the 1296-MHz tripler. The varac-
tor can be a Motorola 1N5149, Amperex H4A (1N4885), 
or Microwave Associates MA-4060—all were success-
fully tried in this circuit. 

tance is used in the design. The capaci-
tance varies with signal power, and some 
circuit detuning occurs if there is a sub-
stantial change in input power. The ef-
fect is undesirable, especially in a-m ap-

* Surplus units available from Fertik's Electronics, 5249 
" D " Street, Philadelphia, Pennsylvania, 19120. The 
small ones are 3 for $1.00; larger ones are $.65 each. 
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plications, but is practically eliminated in 
step-recovery junction varactors, as dis-
cussed below. 

Junction characteristics 
Varactors are of two types, step junction 

and step recovery junction. In the former, 
the impurity level is constant in the p-n 
layers, while in the latter the impurity level 
is concentrated at the lead contacts and 
decreases toward the junction. This makes 
for high resistivity near the junction and 
low resistivity at the lead contacts. 

An important parameter of varactors is 
the equivalent series resistance, composed 
of the bulk and contact resistance of the 
semiconductor material. This resistance is 
directly related to varactor efficiency, and 
therefore kept as low as possible. By em-
ploying a constantly decreasing impurity 
profile from lead contact to junction, the 
average series resistance remains at a de-
sirable low value when a reverse voltage 
is applied. This is because the depletion 
layer dissipates the high resistivity region. 
The average series resistance is therefore 
kept low. 

Why use step recovery junction varac-
tors for harmonic generators? Because they 
provide higher power and a more linear 
relationship of power output to power in-
put. What this means in terms of effi-
ciency (power out/power in x 100) is demon-
strated in table 1, which shows the power 
linearity characteristic of a typical step-
recovery varactor used as a frequency 
doubler. 

The average efficiency of this particular 
varactor is about 66 percent, which is typi-
cal when operating a frequency doubler. 
However, we were able to obtain yields of 
50-percent plus, using similar varactors as 
frequency triplers with output at 1296 MHz. 

Essential to the performance of any rf 
generator are the tuned circuits. This is 
especially true at microwave frequencies 
for the reasons pointed out earlier. The 
easiest way to solve this problem is to use 
resonant cavities. If the procedures used 
in commercial practice are followed, cavi-
ties are difficult for the average amateur 
to build. However cavities need not be 

round, as in most commercial applica-
tions. Frequencies in the 1-GHz region are 
high enough to permit a small rectangu-
lar chassis to be used, with divider strips 
acting as cavity partitions. Commercial 
test jigs have been made in a similar 
manner, but with facilities and materials 
beyond usual amateur resources. 

If you're reasonably adept with hand 

tools and like to work with soft metal, 
you should be able to duplicate the tripler 
described here. With an input of 20 to 25 
watts on 432 MHz, we built three units 
that put out a respectable 10 to 15 watts 
on 1296 MHz. All have been operating for 
almost a year. The schematic is shown in 
fig. 2. Capacitors Cv Cs, and C 7 are single 
discs; the other capacitor plate is formed 
by the tubing (Lx and L3). 

The chassis and cavity partitions were 
made from 0.032-inch sheet brass. It might 
be possible to use a commercially avail-
able chassis of nearly the same dimen-
sions, such as the Bud CU-341 Converta-
box. The partitions could be made and 
added as shown. However, we haven't 
tried this, and for best results we recom-
mend using the materials and dimensions 
shown. The tripler we built is shown in the 
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photo and in fig. 3. Fig. 4 shows compo-
nent layout. 

In fig. 3 the varactor stud protrudes through 
the rear wall where a heat sink was placed 
over the stud. A solder lug was placed at the 
varactor base for grounding the bias re-
sistor. The resistor is shunted directly across 
the varactor. 

The brass sheet is cut to the shape of 
fig. 5.* Drill holes to sizes indicated. When 

2.73 

fig, 4. Plan and side views of the 
1296-MHz varacter tripler. 

the ends are bent, a chassis will be formed 
4 inches wide x 2-3/4 inches deep x V2 
inch high. Solder corners using a heavy iron 
or torch. Next, cut out the partitions and 
cover following the scale-size template. Insert 
partitions C, D and E making sure the holes 
D and F are drilled before soldering the par-
titions into place. 

The cover is also shown in fig. 5. Bend 
the corners as indicated, solder smoothly, 
file, and buff. The idea is to get a good 

* Full-scale templates available from ham radio maga-
zine for $.25. 

fit without warping the chassis. 
The 432-MHz and 1296-MHz cavities are 

capacitively tuned by turning their 10-32 
threaded rods (C2 and C6) into tubing in-
ductances Lx and L3. It is important to 
maintain constant metal-to-metal contact 
between the tuning screws and the chas-
sis. A 10-32 brass nut is soldered over holes 
A. It may be necessary to use a locking 
nut and spring between the knob and 
soldered nut if the threads don't mate well 
enough for continuous contact. 

Solder the bases of the brass tubing 
flush with holes D. Try to make this a 
tight and straight fit before soldering. 
Screw the threaded rods through the tub-
ing to ensure centering and alignment, 
then solder the base. This is where a torch 
works best. A teflon washer may be forced 
on the bottom of each threaded rod to 
prevent shorting or teflon spaghetti may 
be used. 

The next step is to install BNC fittings 
Jx and J2 with their discs, C x and C7 . Spac-
ing between the discs and the brass tubing 
is approximately 1/32 inch. On one model 
we made, the BNC nuts were soldered to 
the outside of the chassis so these spac-
ings could be made variable. A short wire 
lead will be necessary between the disc 
and BNC inner conductor. This dimension 
is not given, as the length of the center 
conductor may vary between different BNC 
chassis fittings. The critical factor is the 
spacing of the disc. 

Install plunger tuning capacitors C 3 and 
C 4 with serrated washers under the nuts. 
Install U in one piece, soldering one end 
to C 

proximate spacing of C n from 
1/16 inch. Be very careful to apply mini-
mum heat or use heat sinks when soldering 
to the plunger capacitors. Too much heat 
can crack the glass or warp the glass-to-
melal seals so the plungers won't enter the 
stator cups. Many plunger capacitors are 
ruined this way. Solder only to lugs or pins 
provided. 

Place a solder lug on the varactor stud, 
then place the stud through hole I. Fasten 
with serrated washer and nut. If a heat 
sink is used, make it secure but not overly 

3 and the other to the C - disc. Ap-
L3 is about 
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fig. 5. Chassis layout (or the tripler. 

light unlil soldering is done, when the nut 
can be loosened for final placement of the 
heat sink. Solder the resistor to the lug as 
reasonably short and straight as possible 
so it's parallel with the varactor. join 
varactor, resistor, and C , idler capacitor 
at a common point on U, then solder. 
Maximum output will be obtained with a 
1-megohm resistor; however if the driver is 
modulated greater linearity will result if 
100k is used. 

The teflon tubing may be kept from fall-
ing out by using Scotch X-V181 copper foil 
tape with conducting pressure-sensitive ad-
hesive. The tape can also be used instead 
of finger stock to seal the compartments. 
"Sticky Fingers," a pressure-sensilive-backed 
finger stock made by Instrument Special-
ties Company, of Little Falls, New Jersey 
was also considered, but (he size of the 
available slock was too large for use with 
the small cavity. 

cool it 
Overheating the varactor at this power 

level can and does occur. The DO-5 case 
mounting stud, which protrudes through 
the chassis may be fell for heat. Another 
sign of overheating is a gradual decrease 
in output power with no change in the 

input. The best preventive measure is to 
use a heal sink and preferably air from a 
fan. We used some finned aluminum heat 
sink stock 4 inches long x 2'/2 inches wide 
x "I inch deep. It was a piece of surplus 
used for power transistors and had one 
flat side. The varactor stud goes through 
a hole in the heat sink, then is fastened 
with its nut and washer to clamp the 

Underchassis view of the 1296-MHz 
tripler. Note lead dress, especially of 
capacity CS. Some bending might be 
necessary to optimize output. 
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varactor, heat sink and chassis together. 
A Whisper fan furnished more than 
enough air to keep the varactor cool at 
extended periods with maximum power. 

operation and tuning 
The input and output levels were meas-

ured and monitored using a Bird Model 
43 coaxial line section, panel meter, and 
400-1000-MHz element. With this ele-
ment readings are about 1 dB low on 
1296, but the cost was about one-third of 
an element with greater accuracy. Fre-
quency readings were taken with a sur-
plus F-26/UPR wave trap, which is cali-
brated from 1.25 to 6.0 GHz. Although the 
idler frequency is off scale at 864 MHz, it 
can be read. Since varactors will readily 
double with high efficiency, care must be 
taken to minimize idler output while maxi-
mizing 1296-MHz output during tuneup. 
The surplus TS-186 frequency meter, which 
has a range of 100 MHz through 10,000 
MHz, with visual as well as audible out-
put, may also be useful. While all this test 
gear is not absolutely necessary, it does 
speed things up for the initial alignment. 

If the output is less than at least 7 watts 
with 20 watts input, and all tuning con-
trols have been optimized, a greater yield 
may be possible by repositioning the disc 
capacitors, either in spacing or by a 
slight upward or downward deflection. 
However, each change must be accom-
panied by completely retuning all variable 
elements for maximum output at the de-
sired frequency. A great deal of time can 
be saved if you can monitor the input 
power, output power, and output frequency 
during tuneup. If you do get 50 percent 
efficiency, leave it alone! 

An input filter at 432 MHz is necessary 
if you use a stripline varactor tripler, a 
tube tripler, or grounded-grid stage as a 
driver, because all these circuits contain 
harmonic and mixing frequencies that 
would be seen and used by the 1296-MHz 
varactor tripler. O n the other hand, the 
tripler output cavity should have about 30 
dB rejection of unwanted frequencies when 
properly adjusted, ff the output is fed di-
rectly to an antenna, a filter may be 

table 1. Power conversion in watts of the IN5150 
without retuning. 

Output Input 

4 4 
6 9 
8 12 

10 16 

12 18 
14 20 

:, f = 1 GHz out 

called for. If it's used to drive an amplifier 
with tuned input and output circuits at 
1296, one may not be necessary. 

The cover should be used at all times. 
This reduces radiation loss, prevents hav-
ing to retune when the cover is placed on 
the chassis, isolates the compartments in 
the chassis, and avoids a real hazard of 
biological injury from radiation at these 
power levels. If screws are used to fasten 
the cover, sheet-metal screws as small as 
possible should be used, with two at the 
top and bottom of the varactor compart-
ment, one at the center of the 432-MHz 
cavity, and one just below the bottom of 
the 1296-MHz cavity. 

Fairly acceptable modulated signals for 
local use have been produced where the 
basic modulated transmitter was on 144 
MHz and passed through two triplers. 
With the varactor input reduced so that a 
cool ICAS output of 7.5 watts was main-
tained on 1296 MHz, a pair of 7289's 
(improved 2C39A, 3CX100A5) as an am-
plifier produced 40 watts output with a 
plate voltage of 800 and plate current of 
200 mA. There was no sign of creeping or 
overheating. 

Construction and operation of the unit 
is simpler than it might appear from the 
description given, but we felt these details 
would be helpful since most amateur data 
on the subject seemed meager. 

references 

1. R. I. Sutherland, W6UOV, "Vhf/uhf Effects in 
Cridded Tubes," ham radio, January, 1969, p. 8. 
2. "The Semiconductor Data Book," Motorola, Inc., 
Semiconductor Products Division, 2nd Edition, p. 16-
89. 

ham radio 

S e p t e m b e r 1 9 6 9 [ J J 4 5 



tunable 

bandpass filters 
for 

25 to 2500 mhz 

Here are 

some useful additions 

to your vhf 

and uhf 

test equipment 
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For all Iheir advantages, solid-state devices 
are not without Iheir problems, especially 
when used in amplifier and multiplier cir-
cuits in the vhf and uhl regions. If you have 
used these devices in such applications, 
you've probably run into the same problems 
I have—is the output at the desired fre-
quency? 

The bandpass filters and accessories de-
scribed hen,' are great additions to your tesi 
equipment. They will allow you to build and 
adjust many circuits that would otherwise be 

Construction of a bandpass filter that 
covers from 25 to 85 MHz. 
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Frequency 
Range 

Filter (MHz) 

A 25 to 35 

B 52 to 190 

C 142 to 420 

D 230 to 1350 

E 2000 to 
2500 

L1, L4 

6 turns no. 14 Vi" diam-
eter, Vi" long 

4 turns no. 16 Vi" diameter, 
Vi" long 

2 turns no. 16 3/16" 
diameter V«" long 

see (ig. 3 

see (ig. 5 

L2, L3 

12 turns no. 14, Vi" 
diameter, 1V>" long; 
tapped 1'/> turns from 
ground 

4 turns no. 16, V»" 
diameter, »/•" long; tapped 
1VJ turns from ground 

3</> turns no. 14, 3/16" 
diameter, >/•" long; lapped 
2 turns from ground 

see fig. 3 

see fig. 5 

C1 

9—140 pF (Hammarlund 
MC140M) 

7.7—100 pF (Hammarlund 
MC100M) 

6.3—50 pF (Hammarlund 
MC50M) 

0.7—30 pF piston 

see fig. 5 

fig. 1. Bandpass filters cover the frequency range firom 25 to 1350 MHz and 2.0 to 2.5 GHz. 

almost impossible. An accuralely calibrated, 
general coverage leceiver vvilh ,i panadaplor 
will give good results when making circuit, 
adjustments using these fillers. 

description 
Filleis A through D in fig. 1 use a hall-

wave resonant circuit with series matching, 
coils. This helps maintain a constant im-
pedance and provides a balanced circuit 
wilh good operating Q. The circuit diagram 
and coil table show the L-C relationships. 
Bandwidth is primarily governed by the 
amount of loading, which is determined by 
the lap point on L2 and L3. LI and L2 arc-

Bandpass filter for 230 to 1350 MHz 
uses a brass-strap inductor. 

The 2.4 GHz bandpass filter is 
built around an old tobacco tin. 

used to maintain a more constant loading 
with frequency; the tap points given in the 
table are optimum for general-purpose use. 
Fillers wilh a lulling range of three to four 
oclaves can be conslrucled using this prin-
ciple. 

construction 
Bandpass tillers covering 2S to T20 MHz 

are basically the same, wilh only L and C 
changes required to cover I he desired 
ranges. The fillers can be duplicated by re-
ferring to fig. I and (lie photos, fillers A, B 
and ( are conslrucled using a brass plate 
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place of coils 1.2 and 13 (see fig. 3). An ex-

pensive capacitor was used in the model 

shown in (he photo, but the simple screw-

nnd-disc capacitor shown in fig. 4 wil l do 

the job nicely. A low minimum capacity 

must be used to reach above 1296 M H z . 

Filler E is mounted in a discarded pipe 

tobacco can. I dul led holes in the ends for 

Ihe input-outpul connectors and soldered a 

coupling wire from the connector to the 

fig. 2. Brass mounting plate for fitters A, B and C . 

(see fig. 2) to mount the components, Coils 

are soldered directly to this plate. The as-

sembly is then mounted inside an LMB779 

5x-lx3-inch chassis box. 

The fillers can be calibrated with a grid-

dip oscillator; however, a good signal gener-

ator would be more accurale, of course. Re-

ferring to the circuit in fig. 1, the 3-clB band-

width and total insertion loss can be varied 

by changing ihe points on I.2 and L3. Tap-

ping down on the coils gives greater selec-

tivity but more insertion loss. 

Filler D uses the same principle as A. B 

and C, except a strap inductor is used in 

table 1. Bandpass filter data. 

Frequency 3 dB 
Range Frequency Bandwidth 

Filter (MHz) (MHz) (MHz) Loss 

A 25 to 85 25 0.8 1.3 
32 0.9 1.1 
40 1.2 0.93 
60 2.0 0.80 

B 52 to 190 55 6 0.40 
80 8 0.32 

110 10 0.30 
180 12 0.32 

C 142 to 420 160 14 0.78 
210 20 0.70 
300 24 0.65 
380 30 0.56 

D 230 to 1350 230 — 3.0 

250 — 2.5 

400 — 1.7 
432 45* 1.5 

480 — 1.4 
950 — 0.6 

1296 585* 0.35 

1350 — 0.35 

E 200 to 2500 2300 400 1.0 

-I 75"— 

L2.L3-.040" BRASS 
.50" WIO£« 5.00"LO. 

1 1 — r 
.362" 

fig. 3. Inductor detail for filter D. 

fig. 4. C1 for filter D 
is mode by soldering a 
disc to a brass screw 
about IV2" long; an 
aircraft-type plate nut 
is used as a bearing. 

.SO'TO .75" OIA DISC 
(SOLDER TO SCREW I 

1.5" LO. SCREW 

PLATE NUT 

Filter B tunes from 52 to 190 MHz. 

20 dB bandwidth 
WM 
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bottom of the can (see fig. 5). Tuning is 
done with a threaded shaft and nut soldered 
in the center of the box; a friction lock nut 
is recommended. The last two fillers don't 
have a calibrated dial, but once set they 
need be changed only slightly. A turns-
counting dial with calibration chart could be 
used it desired. 

« - J 2 « 1.30" 
TUNING 
SCREW 

BNC 
OR 

rue 

BNC 
OR 

TNC 

wore 
INSTALL TUNING SCREW ( "LATE 
NUT IN CENTER OF BOX 
BOX IS PIPE TOBACCO TIN 
SJSCTm 3.123"! 1.00' 

fig. S. Bandpass filter that wi l l tune from 2.0 to 

2.5 G H z ; fitter wil l tuno to 1296 M H z if a disc is at -

tached to tho end of the tuning screw. T h e position 

of the coupling probes A and B determines band-

width and insertion loss. S p a c e the probe V « " from 

e n d of tobacco tin for less bandwidth; however, in-

sertion loss wi l l be slightly increased. 

m 
— v w - •wv 

: f>3 

Attenuation 

1 

2 
3 
6 

10 
20 
30 

rh 

R1, R2 

( O h m s ) 

2.7 

5.6 

0.2 
18 

27 

39 

47 

R3 

( O h m s ) 

130 

210 
130 

68 
38 

9.1 

3.3 

fig. 8. Attenuator circuit using standard 5•/« carbon 

resistors is not exact, but very c lose. Put al l three 

half-watt resistors in a brass tube 2 " long and solder 

B N C connectors to the ends. 

application 
Using a filler at the output of a circuit 

will help you determine what signals are be-
ing generated. The filter will pass only the 
desired signal. Output level will then be the 
one desired; also by tuning the filter through 
the harmonic ranges, you can see what har-
monic power is being contributed. 

The output power of low-level amplifiers 

fig. 6. T y p i c a l test setup using 

the bandpass filters. 
DEVICE 
UNDER 
TEST 

ATTENUATOR 0ANOHiSS DETECTOR VTVM 
DEVICE 
UNDER 
TEST 

ATTENUATOR 
FILTER PROBE 

VTVM 

Filter C tunes from 142 to 420 M H z . 
ftr input 

* 
ion 

- w v -

. CI 
* 300 

m 

t 
. C2 
-300 

m 

fig. 7. Sensitive rf detector probe. 

Capacitors C1 and C 2 should be 

good quality ceramics. 

or multipliers is sometimes only a few mil-
liwatts, and of course most power-measur-
ing devices won't indicate in this range. 
The only alternative is to use an expensive 
milliwatt meter or a home-made detector 
with a 50-ohm load. One is shown in fig. 7. 
I also recommend that an attenuator be used 
between the test circuit and the filter input 
as in fig. 6 because the filter inductance can 
upset circuit tuning. 

ham radio 
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single-pole 
bandpass 

filters 

Probably the most common type of band-

pass filter for amateur uhf work is the coax-

ial-cavity arrangement of fig. 1. This filter 

can be made to have very low insertion 

loss. However, the close proximity of the 

coupling loops results in some inductive 

coupling between input and output at all 

frequencies. The stop-band attenuation is 

fig. 1. The coaxial 
cavity filter com-
monly used at uhf. 

consequently not as high as a single-pole 

filter can be. 

The arrangement of fig. 2 places the inpi t 

and output at opposite ends of the filter and 

results in better isolation. It also lends itself 

admirably to strip-line or trough-line con-

struction. I built this filter to reject the usu-

ally strong, unwanted harmonics from a 432-

MHz varactor tripler. Performance of the filter 

turned out to be quite remarkable, consider-

ing it was thrown together in twenty min-

utes total construction time with no attempt 

ci «r 
M n 
U) 

U 

2 | 

aJ" > 
o 

u 
o 
c 

X 
o. 
X 
SO 

£ 

c 
3 
o 

-o 
a; 

to optimize anything. Attenuation vs fre-

quency between 200 and 1000 M H z is plot-

ted in fig. 3. 

construction 
Construction details for the 432-MHz 

trough-line filter are shown in fig. 4. The 

trough is a 12-inch section of aluminum ex-

trusion of the type used for sliding glass 

doors. The tuning capacitor is a miniature 

piston type with a range of 1.2 to 10 pF It's 

a Triko 108-02M imported from West Ger-

many. I was concerned that some of the 432-

MHz insertion loss might be due to capaci-

tor losses. To check this out I tried the filter 

in the output of the "big rig." 

fig. 2. This trough-line filter is not only easier to 
construct than the cavity type of fig. 1 but also gives 
superior performance. 

_ I 

performance 
At high-power level the lossy components 

in a filter will become hot. It wasn't possible 

to run more than 30 watts through the filter 

without the tuning capacitor arcing over, but 

at this power level there was very little capac-

itor heating. It did become just perceptibly 

warm to the touch, but so did the number 12 

1 
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fig. 3. Comparison curves o( the coaxial-cavity and trough-line 432-MHz filters. Note the superior stop-band 
rejection characteristics of the trough line. 

copper wire center conductor. Probably ihe 
most important single factor for reducing in-
sertion loss would be the use of a larger cen-
ter conductor. 

Also shown in fig. 3 is the performance 
of a conventional cavity filter. It, too, was 
designed to reject unwanted harmonics from 
a varactor tripler. The filler was made by 
K6)YO from a surplus TS1/ARR-1 gold-plated 
cavity. 

Note that the stop-band attenuation of the 
trough-line filter is better throughout the en-
tire measurement range of 200 to 1000 MHz. 
The cavity filler did have slightly lower in-
sertion loss: 0.4 dB as compared to 0.8 dB 
for the trough line. This is to be expected 
because of the higher-Q construction of the 
cavity. Loaded Q's of both fillers were com-
parable, as indicated by the 3-dB bandwidth 
of 9 MHz for the trough line and 7 MHz for 
the cavity. 

low-frequency version 
The success of this uhf filler inspired con-

struction of a low-lrequency version using 

The aluminum trough-line filter outperforms 
conventional coaxial cavity below. 

^ .. . <3 

fig. 4. Construction details of the 432-MHz trough-line filter. 

NO. 16 SOLD BARE COPPER wise NO. 12 SOLID BARE COWER WIRE 
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fig. 6. Performance curves of the low-frequency, lumped-constant version of the trough-line filter. Attenuation 
characteristics were measured with the filter tuned to three different frequencies: 21, 28 and 50 MHz. 

lumped constants. It is built on a 2 x 4 x 8-
inch chassis and consists merely of two coils, 
two BNC fillings, and one tuning capacitor. 
The schematic is shown in fig. 5. The LC 
combination gave a tuning range that cov-
ered the 15, 10 and 6 meter bands, so the 
filler response was measured at 21, 28 and 
50 MHz. 

fig. 5. Low-frequency version of the trough-tine fil-
ter. L1 and L2 are 13 turns of number 16 baro copper 
wire, 5/8-inch diameter, 1-3/8-inch long, air wound, 
and tapped I'/i turns from ground. The coils should 
be oriented 
to minimize 
inductive 
coupling. 

by lapping the input and output higher up 
on the coils, say two turns from ground. This 
would also increase the 3-dB bandwidth. 

Power-handling capability will be deter-
mined by the voltage breakdown point of the 
tuning capacitor. I've run 40 watts into this 
filter at 29 MHz, resulting in 35 watts de-
livered to the load. At this power level there 
is no tendency for the small variable capac-
itor to break down, but the coils become 
warm to the touch, indicating this is where 
the other 5 watts are being lost. 

ham radio 

Low-frequoncy lumped-constant version of 
the trough-tine filter. This filter can be 
tuned to 6, 10 or 15 meters. 

performance 
As can be seen from the curves of fig. 6, 

this gadget should make an excellent tvi filter 
if you don't mind retuning whenever you 
change frequency. The 3-dB bandwidth mea-
sured 2.2 MHz at 6 meters, 600 kHz at 10 
meters, and 400 kHz on 15. Insertion loss 
was 0.7 dB at 50 MHz, 0.8 dB at 29 MHz, 
and 1.2 dB at 21 MHz. 

The insertion loss could have been re-
duced by using higher-Q coils (number 14 
wire instead of number 16, for instance); or 

/ 
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standards 
for amateur 

microwave communications 

This 

system 

offers a practical means 

for amateur work 

above 1 GHz 
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In 1956, the San Bernardino Microwave 
Society was incorporated to further the 
art of amateur communications above 
1000 MHz. A prime objective of this or-
ganization has been to develop equip-
ment and techniques for amateur opera-
tion that can be duplicated by the aver-
age amateur experimenter at moderate 
cost. It soon became apparent to the 
members that it would be necessary to de-
velop a set of standards for amateur 
microwave work if the art was to be de-
veloped in other than a haphazard 
manner. 

This article, which I hope will be first of 
many in amateur microwave techniques, 
explains the working standards that the 
SBMS members have evolved for their own 
use. These have been used by the mem-
bers for a number of years and have 
proved to be very practical in field opera-
tion. The standards pertain to operat-
ing frequencies, polarization, modulation, 
power supplies and component intercon-
nections. The standard SBMS system is full 
duplex, allowing simultaneous transmitting 
and receiving, with the transmitter fre-
quency removed 30 MHz from the receiver 
frequency. 
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The microwave amateur hands are very 
large compared with the lower bands. In 
order to communicate effectively over long 
distances, it is necessary to have certain 
standard frequencies and operating tech-
niques that are understood and used by 
the station on the other end. For example, 
the 3300-MI Iz band (high S-Band) is two-
hundred megahertz wide—far too wide to 

transmitter is frequency-locked to a crys-
tal-controlled reference oscillator for sta-
bility. Fig. 1 is a block diagram of a 
typical SMB5 microwave station. The an-
tenna feed also acts as a receiver mixer. 
This system is designated ROCLOC, mean-
ing Relative Or Crystal Local Oscillator 
Control. It was developed primarily by 
Don Thompson, W6IFE, and George Tillit-

fig. 1 A 3300-
MHz R O C L O C 
station as used 
by members of 
the San Berna-
dino Microwave 
Society, Inc. 
(from W60YJ). 

search for a weak signal with a 1-kHz 
bandwidth receiver! 

A large amount of surplus microwave 
equipment is available on the market, 
which is suitable for amateur work, with a 
wide range of possible interconnections. 
The members of the SBMS felt it was neces-
sary to standardize interconnections to al-
low rapid replacement of system com-
ponents. 

a typical station 
The SBMS members operate a full-du-

plex system, with the transmitter also act-
ing as the receiver local oscillator. The 

son, Kf>MBL. This R O C L O C system has 
proved to be an effective and versatile 
ham microwave setup. Interconnections 
are more or less standardized to allow 
equipment to be easily interchanged and 
tested. 

frequencies 
Standard operating frequencies are a 

necessity, as most members operate with 
narrowband receivers that have a limited 
tuning range. The selection of standard 
frequencies for microwave hamming was 
based on readily available klystrons and 
a safe separation from the band edges. 
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The selection of the frequencies listed in 
table 1 was based on a 5-MHz safety 
factor to prevent out-of-band operation of 
a station accidentally tuned to the other 
side of an incoming signal. For example, 
W6IFE transmits to K6HIJ on 3335 MHz. 
K6HIJ is supposed to have his transmitter 
on 3365 MHz, 30 MHz away, but since his 
receiver has no image rejection, he acci-
dentally tunes his transmitter to 30 MHz 
below W6IFE. He is on 3305 MHz, still 5 
MHz inside the amateur band. All SBMS 
work is based on an i-f of 30 MHz. 

Since the transmitter polarization is at 
right angles to the receiver polarization, 
(standard polaplexer), all SBMS members 
polarize transmitted and received signals 
45 degrees from vertical, with the transmitted 
signal polarized 45° to the right of vertical 
in the direction of propagation. 

klystron voltages 
A large number of klystrons available 

on the surplus market will operate satis-
factorily with 300 volts of beam voltage, 
so the SBMS has standardized on this 
beam voltage, with the positive terminal 
(klystron body) at ground potential. Also, 
direct-current heater operation has been 
found necessary. Therefore a low-ripple, dc 
filament supply (5.8-6.3 V; 1.5 A), isolated 
from ground is required. The klystron re-
flector voltage (referred to the klystron 
cathode) will operate from —100 to —300 
volts at very low current drain. Ripple, 
hash and noise on all power supplies 
should be less than ten millivolts (0.01 
volt). The reflector supply is most critical 
in this respect. 

fig. 3. Principle of 
pseudo-cw modula-
tion. KEY UP 

REFLEX KLYSTRON 

fig. 2. Typical klystron power connections. 

For power connections to the klystron, 
standard octal plugs and sockets are 
used. The pin connections are shown in 
fig. 2. The supply side of the connection 
should be the female connector. By using 
these socket connections, it's possible to in-
terchange klystrons with a minimum dan-
ger of damage to the klystron or power 
supply or of improper klystron operation. 

modulation modes 
Amplitude moduation of a reflex kly-

stron is difficult, so frequency modulation 
is used by the SBMS. For wideband opera-
tion, deviation is set to be compatible 
with the receiver, usually ±50 kHz, as 
most of the members use BC-683 fm tank 
receivers as 30-MHz i-f strips. For weak 
signal work, it's necessary to go to nar-
row bandwidths and smaller deviation. 

PASSBAND OF SELECTIVE 
CW RECEIVER 

C - ' 

•20 kHl 
TRANSMITTED SPECTRUM 

00 kHi FM) 

-Z0U* *zo mi 

RECEIVER REJECTS SIDEBANDS 

KEY DOWN 

TRANSMITTED SPECTRUM 
(NO MODULATION) 

FULL TRANSMITTED POWER 
APPEARS IN PASSBAND 
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table 1. Standard amateur preferred microwave fre-
quencies. 

preferred 
band band limits frequencies 

(MHz) (MHz) 

low S 2300-2450 2385 & 2415 

high S 3300-3500 3335 & 3365 

C 5650-5925 5860 & 5890 

X 10,000-10,500 10,035 & 10,065 

K 21,000-22,000 21,035 & 21,065 

21,935 & 21,965 

Usually the receiver has a bandwidth of 1 
to 2 kHz, and deviation is set accordingly. 

For very long-haul, weak-signal work, 
cw offers the best performance. To accom-
plish this form of modulation, the SBM5 
has developed "pseudo-cw" modulation. 
Fig. 3 illustrates the principles involved. 
The transmitter is frequency modulated at 
a high audio rate (10 kHz or so), and the 
deviation is adjusted to the first carrier null, 
with all the transmitter power in the side-
bands. A narrowband receiver tuned to the 
carrier frequency wil l not receive a signal, as 
the sidebands are outside the receiver pass-
band. 

This modulation corresponds to a "key 
up" condition. Depressing the key ("key 
down") removes the modulation from the 
signal, and all transmitter power appears 
on the carrier frequency. This "pseudo-cw" 
signal is received exactly as a standard 
cw signal, with the receiver bfo on. 

This technique has been as effective as 
standard "on-off" cw modulation for long 
distance work yet allows the klystron to 
be frequency stabilized at all times. 

conclusion 
I have attempted to outline the stan-

dards for amateur microwave work used 
by the members of the San Bernardino 
Microwave Society. Using these techniques, 
communications have been accomplished 
over long, indirect paths over mountain-
ous terrain. We've observed that a fre-
quency change of one megahertz wil l re-
sult in a 20-dB change in signal strength 
over an indirect path. The ROCLOC sys-
tem allows rapid changes in transmitter 
frequency with stable operation. (Any 

amateur system should have the capabil-
ity of making frequency changes.) 

In review, the standards used by the 
SBMS are: 

operating frequencies refer to table 1 

intermediate frequency 30.0 MHz 

polarization linear, 45 degrees, 
transmit and 
receive 

300 volts, ± 1 % , 
less than 10 mV 
ripple 

±50 kHz 

±1 kHz 

beam voltage 

fm, wide 

fm, narrow 

morse code 

rf-tuning range 

"pseudo cw" 
(fig. 3) 

greater than ±1 
MHz 

If you are planning to move up to the 
microwave bands, I'm sure you wil l find 
these operating standards practical. 

ham radio 

those days before spark . . . 

"I love to operate . . . 
but these QSL's are pure drudgery." 

September 1969 [JJJj 57 



solid-state 
modification 

of a 

mobile converter 

An easy way 

to modernize 

a Gonset 

tube-type converter 

for mobile use 
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I was thinking of installing an old Gonset 
converter in my car, but the car's 12-volt 
system presented some problems. The con-
verter tubes had 6-volt filaments, which 
would require a dropping resistor or heavy-
duty zener. Also a power supply of +180 
volts or more would have been necessary. 
Both these items would have represented 
considerable wasted power, more expense, 
installation problems, much more work, 
noise pickup problems, hash filtering, etc. 
Besides, I had a new all solid-state be radio. 

I felt that fet's and/or transistors would 
eliminate all these problems, and the small 
amount of filtered dc power required could 
be readily supplied by the be set after it had 
been adequately filtered to eliminate input 
noise. Additional benefits would be instant 
warmup, no oscillator drift, no tube-pin 
noise from road shocks, and no worry over 
failure of tube filaments, element shorts, etc. 

If mechanical redesign could be eliminat-
ed and electrical redesign limited to chang-
ing a few resistors and capacitors, the over-
all expense and effort would be drastically 
reduced even further. With this in mind, a 
most satisfactory modernization was 
achieved with equal or better performance 
than when the converter left the factory. 
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construction 
A most troublesome problem after remov-

al of the tubes was finding a place to mount 
the transistors, since clearance was negligible 
between the tube socket connection ears and 
the bottom of the enclosing chassis. I finally 
decided to "spread-eagle" the short wires of 
the solid-state devices, use '/4-inch pieces of 
spaghetti, then solder the wires directly to 
the socket ears where old and new corn-

room on the back apron of the converter to 
install this switch. 

Where values of components are not given 
on the schematic, the value is the same as 
originally furnished by Gonset. Of course, the 
filament wiring, screen-grid wiring, screen-
grid bypass capacitors anl dropping resistors 
may be cut out of the chassis; and good rid-
dance. Note that the pilot lights were 
changed from 6-volt 47's to 12-volt types 

fig. 1. The solid-state Gonset converter. Mosfet's and an npn transistor eliminate tube problems of noise, drift 
and high power drain. Components without values are unchanged from the original converter. 

ponents would also be convenient for con-
nection. An all-fet converter was originally 
planned. However, the great improvement in 
conversion gain afforded by an npn transis-
tor justified its use as the mixer. 

The modifications are shown in fig. 1. I 
found it necessary to put in a slide switch to 
disconnect the antenna circuit from the out-
put fet (during be reception only), otherwise 
the loading effect was sufficient to ruin the 
Q and gain of the be set. But this was the 
only mechanical change. There was plenty of 

and disconnected from the line feeding the 
collector and drains. They may be separate-
ly fed from a battery clip and wire attached 
to the instrument panel light to lessen the 
IR drop from the be set hash filter. In this 
way, when the be set is turned off, the con-
verter is "fail-safe" turned off too, irrespec-
tive of converter switch position. Wire from 
the on-off switch on the be set should be 
shielded and fed to the shielded B + line of 
the converter via phono pin and jack, or sim-
ilar means, so each may be separaled at will. 

ham radio 
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Assume, if you will, that a radio transmitter 
feeds a "lossless" transmission line terminat-
ed in a non-reactive load equal to the char-
acteristic impedance of the line; the vswr 
wi l l be unity, of course. Further assume that 
the transmitter runs 1000 watts input power 
and operates with an efficiency of 60%. A 
through-line wattmeter in the transmission 
line would then indicate 600 watts power 
output. For a final assumption, let's say that 
the plate of the vacuum tube in the final rf 
amplifier stage shows a faint trace of "color" 
under these operating conditions. 

Now remove the non-reactive load and 
replace it with a complex load—partially-re-
sistive and partially-reactive. Also, its total 
impedance is not equal to the characteristic 
impedance of the transmission line. This, of 
course, upsets the tuning of the transmitter; 
so quickly retune it to resonance and reload 
the final to draw 1000 watts dc input power. 

the question 
Now the question: wi l l the power ampli-

fier plate show less, the same or more 
"color?" 

This question will educe a lot of discus-
sion among technical people—even a bit of 
argumentation. Opinion, even among well-
qualified engineers, wi l l be sharply divided. 
Most agree that a final solution can be 
reached only by setting up an experimen-
tal circuit and observing the results under 
carefully controlled conditions. 

the conditions 
Pending such an empirical solution, how-

ever, there are several thought-provoking as-
pects that should be considered. First, let's 
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tie down some conditions. Assume that the 
unloaded Q of the plate tank circuit is very 
high; that the tank circuit normally has a 
loaded Q of 12; that the inductor of the 
tank has low resistive losses; that a moderate 
change in the inductance of the tank induc-
tor will produce no change in its total re-
sistance; that the transmitter is operating on 
a relatively low frequency in the high-fre-
quency range so that tank losses are mostly 
concentrated in the inductive leg of the 
tank; that the variable tuning element in the 
tank circuit is a variable inductor of the 
variometer type. Having assumed all this, 

its resistance (Q = X/R). This Q, in turn, de-
termines the impedance into which the tube 
works. When the tank circuit is tuned to res-
onance it may be stated that 

Keep in mind that the capacitance of the 
tank circuit is fixed. Therefore, for a state of 
resonance {X L — X c ) at a given frequency, 
the effective value of inductance must be 
constant. This is important, for we shall be 
tuning the variometer to maintain a status of 
resonance. Now slip back a notch and con-

Ebb * 2000 V f ig. 1. 

we're ready to look at the schematic dia-
gram in fig. 1. 

You will recall that the question stipulated 
an over-all efficiency of 60% with a purely 
resistive load. The important factors deter-
mining the degree of operating efficiency 
are grid bias, rf excitation and the plate load. 
We shall assume that grid bias and rf excita-
tion have been adjusted to optimum and will 
remain unchanged throughout the test. The 
third factor, plate load, is a variable depend-
ing upon the loaded Q of the plate tank cir-
cuit. Assuming the capacitor has negligible 
contributory loss, we can say that tank Q is 
equal to the inductor's reactance divided by 

sider the matter of impedance. Look at the 
formula Z = X'/R—if Xc is fixed a n d X L 

must always equal X c , it's evident that re-
sistance is the only variable that can be ma-
nipulated to attain a desired value of im-
pedance. We shall assume we have reached 
that desired value when the dc plate current 
has a value of 0.5 ampere with the tank cir-
cuit in resonance. 

Since we stipulated that the unloaded Q 
of the tank circuit is high (same as saying 
that the inductor's resistance is low), the ef-
fective resistance of the tank must actually 
be predominantly made up of resistance re-
flected from the load through the mutual 
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coupling, m, that links the tank inductor to 
the transmission line pick-up coil. 

the experiment 
Connect load A to the transmission line, 

fire up the transmitter, and adjust the plate 
variometer and the mutual coupling, m, so 
that when in resonance the dc plate current 
is 0.5 ampere. The directional wattmeter in-
dicates 600 watts incident power and zero 
reflected; the meter on the Termaline® 
wattmeter used for load A also indicates 600 
watts. The extent of the glow on the plate of 
the final amplifier tube is carefully observed 
and recorded. This concludes the first step. 

For the second step, the transmission line 
is shifted from load A to load B. Load B con-
sists of a Termaline® wattmeter in series 
with a capacitor. The total impedance of this 
load is expressed by: 

z = V V T R ^ : 

It is evident that the new load is not 
matched to the transmission line so there 
will be standing waves present on the line. 
To simplify matters, let's assume that the 
transmission line is a half-wave long (at the 
operating frequency). Then the capacitive 
reactance (Xc) of the load will be present at 
the sending end of the line. It will be re-
flected into the inductive leg of the plate 
tank circuit as a value of X r , causing the to-
tal X L to be too great to maintain an equality 
with the fixed value of X(1. Therefore, the 
plate tank will not be in resonance. You 
quickly restore it to resonance by adjusting 
the variometer. Now total tank-circuit X L is 
back to its original value. 

Although the value of resistance in the 
load has not been changed, it is probable 
that m will have to be altered to maintain 
the tank R at a value that will permit a dc 
plate current of 0.5 ampere at resonance; 
make the necessary adjustment. 

the results 
The tube now has a dc input power of 

1000 watts. The directional wattmeter in the 
transmission line will now indicate some-
thing other than 600 watts incident power; 
also, it will show some reflected power. The 
question, though, is what has happened to 

plate dissipation? The answer is short and 
sweet: nothing! 

This is because the power generator, the 
tube, sees exactly the same load it saw when 
the transmission line was terminated with a 
resistive load equal to the characteristic im-
pedance of the transmission line. This con-
dition was established when the plate-tank 
variable inductor was returned to resonance 
and the coupling adjusted for the same dc 
plate current. 

The plate tank circuit is the key to the 
situation. It performs three functions: it pro-
vides an optimum value of non-reactive load 
for the generator to work into, it provides 
frequency selection by offering this load only 
at the selected frequency, and it serves as a 
transforming device, transliterating random 
loads into the load that is optimum for the 
power generator. It is the third function that 
seems to be least understood. 

Although a rather unusual type of tank cir-
cuit has been used in this illustration, other 
tank configurations work equally well and 
perform precisely the same service. The 
sending-end impedance can be (and usually 
is) almost anything but the 52 ohms resistive 
that the transmitter is designed to work into. 
The impedance may vary over the range 
from 15 to several hundred ohms—and it 
may be purely resistive, resistive plus induc-
tive or resistive minus capacitive! This is what 
the tank circuit must cope with to perform 
its vital third function. 

Fortunately, almost any properly designed 
tank circuit is capable of making this trans-
formation. The limitations are mostly those 
that are built in by the designer's choice of 
components. There are two factors that 
have a lot to do with this choice: cost and 
ease of tuneup. The first is a matter of 
keeping the selling price low to compete in 
a highly competitive market. The other is to 
keep tuning procedures simple so the equip-
ment won't be damaged during tuneup. If 
the tubes go out in a blinding flash or the 
tank circuit melts down into a sodden mess, 
either the designer cut too many corners or 
the operator lacked the skill to make the 
necessary corrective adjustments. Consider 
that before you cuss the designer! 

ham radio 
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putting a scope to work 
in ham gear 

Here I am to continue with scopes. I told you 
last month how to fire up the scope anil get 
displays locked into position on the screen. 
This month I'll give you some specific uses 
for it on the ham repair bench, 

A scope, remember, lets you see the exact 
shape of an ac waveform. You can identify 
sine waves, square waves, tv sync pulses or 
any unusual waveshape. Mote than that, and 
often more important, you can measure 
peak-to-peak values of waveform voltages, 
whether they're nice round sine waves or 
crazy, misshapen oddballs. 

measurement methods vary 
Probably the chief difference in various 

brands of service-type scopes lies in how 
you measure voltages with them. Yet, they're 
all fairly easy. There are three mam ways. 
Each uses the scope's variable verlic.il input 
control, but in different ways. The vertical 
input switch is always a decade-type mul-
tiplier, And the marked graticule on the face 
of the scope is important to voltage measur-
ing-

In one method, you first feed in a signal of 
known value and adjust the vertical input 
control to make the Irate coincide with that 
voltage marking on the scope graticule. That 

calibrates the input amplifier. You can there-
after read the voltage value more or less di-
rectly on the scope graticule. 

The second way of measuring peak-to-
peak voltage is almost identical, except that 
the calibrating voltage is inside the scope. 
You just turn a switch to calibrate, and ad-
just the vertical input knob till the wave-
form display fits between two "calibrate" 
lines on the graticule. Then, you can read 
any signal-voltage value from where it fits on 
the graticule. The switch and the waveform 
are shown in fig. 1. 

You've probably figured out that you can't 
mess with the vertical input knob once it's 
set. If the display is too small, you turn the 
input multiplier switch to a more sensitive 
position. If 1 he display is too large (off-
screen), switch to a les> sensitive multiplier. 

The third common method of measure-
ment lets you read the voltage value directly 
from the vertical input knobs. Fig. 2 illustrates 
the controls. You adjust the vertical input 
controls to make the waveform display 
exactly 2 inches high on the graticule (which 
is marked in inches!. Then, you read the 
number pointed to by the variable knob and 
multiply it by the multiplier setting. That 
tells you the peak-to-peak voltage of the in-
put waveform, no mailer what its shape. 

The waveforms that follow are photo-
graphed from a B&K model 1450 servicing 
scope. Its lighted graticule, shown in fig. 3, 
has two numbered scales: 0-2 and 0-6. The 
multiplier switch determines which scale 

fig. 1. Before measurements, (he vertical input am-
plifier must be calibrated to a standard voltage. 
Switching to vertical applies internal signal to de-
flection amplifier in this scope. Display is adjusted 
to fit the full-scale graticule mark. 
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lights up. The correct full-scale voltage is 

listed on each waveform photo so you can 

read peak-to-peak amplitude acruratcly. As 

you go along, reading voltages on a scope 

like this becomes second nature. 

tracing input power 
A simple use for the scope, and a good 

one to practice with, is checking input ac 

voltage to a receiver or transmitter. It's the 

same thing you'd ordinarily do W i l l i your ac 

voltmeter. 

The diagiam in fig. 4 shows the test points 

in a popular ssh transmitter. The photo be-

low the input wiring shows the waveshape. 

Ac line voltage is a sine wave. 

The 120 volts your voltmeter reads is a 

root-mean-square Irms) value, and the scope 

shows peak-to-penk (p-p) values. Line volt-

age is 335 volts peak-to-peak. The highest 

full-scale voltage reading on this scope is 

200 volts, but its probe has a 'IOX switch on 

it. That attenuates any signal voltage by a 

factor of 10, 

The multiplier switch for the photo in fig. 

4 is set at 60. A voltage of 600 wil l therefore 

reach all the way to (he top of the 6 scale. 

The waveform you see goes about a subdi-

vision and a half above the 3 mark. 

The sync is set for — int, but it could just 

as easily be set for line; either would lock 

the line-voltage waveform in tightly. 

The sweep control must be set for 10-50 

Hz, and the fine frequency adjustment is 

turned so four cycles appear on the display. 

Adjust positioning controls so the bottom of 

the waveform is on the base line of the 

graticule. 

Use an isolation transformer between the 

fig. 2. Waveform peak-to-peak amplitudes can be 
read direclty from the knobs of this scope. The dis-
play is made exactly two inches high on the graticule 
by turning the knobs; then voltage is read. 

V E R T I C A L 
x to #X 1 

I N P U T 

plug of any chassis you're testing and the 

power line. Otherwise, you can blow fuses 

with a direct short between the scope 

ground lead and one side of the power line. 

(Not to mention the big chance of a nasty— 

e ve n c 1 e a c 11 y—shock.) 

C l ip the ground lead of the scope to the 

ground side of the power cord. Then, move 

the test probe from point 1 to point 3 as 

shown. You should get the same waveform 

at every point. If you gel a waveform when 

you probe the grounded end of the trans-

fig. 3. You read p-p voltages on scales with this 
scope, much like you do with a voltmeter. Either 
scale is used with decimal multiples chosen by the 
vertical input switch. Scales light one at a time. 

former primary, however, it's a sign the 

ground is open. You can test line primary 

winding, loo, by opening its ground con-

nection and probing at the ground end; if 

you get a waveform, the primary is okay 

(fig. 4 shows this test). 

You can test the secondaries, too. Just 

probe [joints -I, 7, '), 12, and 13. Remember 

that the Vac readings listed on a schematic 

are rms values. T o know what p -p reading 

you should expect, multiply rms voltage by 

2.8. Probing at point 10 also tests the doubler 

filter that couples ac voltage to the first rec-

tifier. 

power-supply filter capacitors 
A scope is a fine tool for testing power-

supply filters. It lets you actually see how 

much ripple is left in the dc output of the 

supply. 

Here's a good rule-of-thumb: Ripple should 
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not exceed 1 % of the dc voltage across ihe 

fitter, with the equipment drawing full toad. 

Thus, in a 500-voll dc supply, output ripple 

under load should lie no more tli.in 5 volts. 

If it is, Ihe filter capacitors aren't doing their 

job. 

Tor a regulated supply, the l ipple percent-

age should be even lower. The regulator cir-

cuit or lis capacitors are faulty if the ripple 

at the output exceeds 0 . 1 % of tin* dc value. 

Ripple voltages are always measured peak-to-

peak. 

The waveform photo in fig. 5 K taken 

across the filler of a 400-voll dc power sup-

ply. The full scale is 20 volis, so ihe ripple 

waveform is 4 volts p-p. The scope sweep 

is set for 10-50, and fine frequency is set to 

display lour cycles. Sync is —int. 

sine waves in amplifiers 
ITore is where a scope begins to shine. It 

can show up distortion at the same lime it's 

measuring gain in an amplifier. Suppose you 

suspect trouble in I lie speech amplifier sec-

tion of a transmitter. 

You feed about 50 mV of audio signal into 

the microphone input jack (fig. f>). Any fre-

quency around 1000 I Iz works line. Then 

you move ihe scope piobe from Mage to 

stage, at inputs and outputs, all the way to 

the modulator. Each amplifier stage should 

multiply the signal voltage by at least 10 or 

20. 

A ( tipper, on ihe other hand, is supposed 

to pre\ent overmodulation. It limits how 

much audio signal reaches ihe modulator. 

You tan check the clipper with a scope. 

Conner I the probe at (lie modulator grid 

or al the output of the clipper stage ilself 

Turn up ihe audio generator output, watch-

ing Ilie scope as you do. When ihe audio 

signal gels strong enough to cause 100% 

modulation, Ihe dipper starts acting. The 

sine wave begins flattening out as ihe second 

pholo of fig. 6 shows. From lli.it point on, 

you should tie able to turn the generator 

wide open without gell ing a higher wave-

form on Ihe scope. The shape only gets 

flatter. 
You can I race if amplifiers with the scone, 

loo. Just feed in a modulated rf signal, and 
use a demodulator probe with your scope. 
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tig. 4.. Power-supply lest points. Waveform of input 
voltage. Full sca le in this photo is 600 volts; peak-
to-peak voltage therefore appears to be about 
335 volts. 

Wil l i amplitude-modulated signals, any cir-

t nil fault that cuts down the if signal also 

culs down ihe audio modulaled on it. 

Y o u can even peak up receiver alignment 

with a scope fed by a demodulator probe. 

Itisi use Ihe amplitude of Ihe waveform on 

the .scope as an indicator of peaking as you 

turn the adjustments. You can move the 

fig. 5. Ripple voltage found in one lultwave power 

supptly. Taken across input filter. Full scale of grati-

cule is 20 volts; 4-voIt p-p reading indicates filter 

capacitor is doing its job fairly welt. 
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probe from singe lo stage as you progress 
with Inning adjustments, or you can connect 
it following the last rf or i-f stage. If you go 
beyond an a-m detector, you don't need the 
demodulator probe. However, you can align 
the i-t and rf stages in an fin or ssb receiver 
using an a-m signal and the demodulator 
probe with a scope. 

ham television 
In recent years, hams have found it logi-

cal lo slick with the commercial Iv stan-
dards. Thus, they can use standard receivers 
with modified tuners. Also, surplus and used 
transmitting equipment is more available. 

For examining and measuring signal volt-
ages in television stages, a scope is indispens-
able. The photos in fig. 7 are the most com-
mon waveforms. 

Figs. 7A and 7B are photos of the signal 
voltage that contains both the video that 
makes the picture and the sync pulses that 
keep it steady. The scope probe is connected 
to the output of the tv set's video detector. 
Full scale of the graticule when these photos 
were taken was 6 volts p-p; the waveform is 
just under 5 volts p-p. 

In 7A, the scope sweep is set for about 5 
kHz; that shows three cycles of the signal at 
the I5,750-Hz line rate. Fig. 7B is the same 
signal, but with the scope sweep set for 
about 20 Hz. Thai displays three cycles at the 
60-Hz frame rale. Pcak-to-peak voltage is the 
same, no matter what display rate is used. 

From the vertical sweep section of the tv 
set, the signal voltage in fig. 7C is taken. It is 

a trapezoid, displayed on the 600-volt scale. 
Its amplitude is 220 volts p-p. I IK- scope 
sweep is set for 20 Hz. 

Fig. 7D is also a trapezoid, this time taken 
in the horizontal sweep section of a televi-
sion receiver. The scope is sel lo sweep at 
about 5 kHz, to display three cycles. The full-
scale voltage range on the graticule is 200; 
the waveform is 120 volts p-p. 

You'll discover that waveforms in any tele-
vision receiver are viewed at either of just 
two scope-sweep rates. The 5-klTz sweep 
rale is for all waveforms that bear any rela-
tion to the horizontal line rate of the tv re-
ceiver. The 20-Hz sweep rate is for wave-
forms that relate to the vertical frame rale. 

Fig. 7E is a special waveform found in the 
automatic frequency control circuit of the 
tv-set horizontal oscillator. The scope sweeps 
at the line rate. The graticule is at 200 volts 
full scale; the waveform is therefore 100 volts 
p-p in amplitude. 

Another special circuit in TV receivers is 
the automatic gain control. In most modern 
sets, it is a keyed type. That is, a pulse is ap-
plied to it from the horizontal sweep trans-
former (called the flyback). The photo in 
fig. 7F is a sample of the keying signal volt-
age. The scope is set to display horizontal-
rate signals. Peak-lo-peak amplitude of the 
keying signal is 175 volts. 

next month 
These last two installments have given you 

a sample of how vou can use a scope on the 
ham repair bench. A little practice makes 

fig. 6. Sine-wave audio signal gets flattened in clipper when too much signal is ted in. That's normal, because 
clipper should keep signal at modulator from exceeding voltage for 100 percent modulation. 
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A. video waveform at line rata B. video waveform at frame rate 

C. vertical oscillator waveform D. horizontal drive signal 

vj^WvJ 

E. afc comparison signals F. age keying pulse 

fig, 7. Typical waveforms from television receiver that can be used for amateur tv reception. Video waveform, 

displayed at tine rate (A), video waveform, displayed at iframe rate (B), vertical oscillator waveform, at frame 

rate (C), drive signal to horizontal output lube, displayed at line rote (D), waveform of comparison signals in 

afc stage, shown at line rate (E) and keying pulse for age stage, at horizontal rate (F), 

y o u as f ami l i a r w i t h y o u r s c o p e as y o u are 

w i t h y o u r v o l tme te r . A n d y o u ' l l f ind the 

s c o p e is far m o r e versat i le . 

Nex t i s sue, 1 shift to a n e w t op i c : s i n g l e -

s i d e b a n d . T u n i n g u p a n s s b t ransmi t te r h a s 

s o m e t h i n g s in c o m m o n w i t h a n y o t h e r h a m 

t ransmit ter . But , there a re i m p o r t a n t d i f fer -

ence s . T h o s e a re i h e sub ject o f repair b e n c h 

next m o n l h . 

ham radio 
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fig. 1. 

OPTIONAL BALUN 
ITH (FT) • tez/f tMKl) 

• SAME TYPE COAX 
AS FEEDLINE 

(CENTER CONDUCTOR 
FLOAT/NO) 

f total length 

(MHz) length per side 

14.0 71' 10" 17' 11 Va" 

14.1 71' 4" 17' 10" 

14.2 70' 9 " 17' B'/a" 

14.3 70' 3" 17' 63/«" 

21.0 47' 10" 11' 11'/i" 

21.1 47' 8" 11' 11" 

21.2 47' S" 11' 10V«" 

21.3 47' 2" 11' 9'/i" 

28.0 35' 10" 8' 111/2" 

28.5 35' 3" 8' 9V«" 

29.0 34' 8" 8' 8" 

29.5 34' 1" 8' 6VJ" 

tebook 

mono-loop antenna 
Nothing new or startling is claimed for this 
antenna. However, like the open-wire-line 
fed flat top, the one-wavelength loop de-

NOTE 
POINTS V THRU "D" 
WILL REQUIRE INSULATORS 

. , WITH METAL MAST. CROSS 
NO.I4-. / \ a r m s , S r eur wiMes 
WIRE ^ ' x 

serves a great deal more attention than it's 
received. 

Almost everyone using a quad parasitic ar-
ray is pleased with the results. The quad has 
a good capture area, and for modest height 
above ground, a favorable low angle of radi-
ation. A quad mono-loop has these same ad-
vantages, but with the disadvantage of being 
bidirectional. 

My new location precluded a tower and 
rotary beam. As an alternative I erected 
thirty feet of tv mast on the chimney of the 
house; and from the top, some forty feet 
above ground, suspended a 20-meter quad 
loop (fig. 1)*. Because of limitations in guy-
ing the sides at the proper height, the an-
tenna looks like an ARRL diamond, but it 
works like a gem (pun intended)! 

Reports broadside to the antenna are gen-
erally 6 to 12 dB higher than those received 
from a three-haff-wave doublet (100 feet 
long, center fed; 40 feet high) favoring the 
same directions. In fact, except that the an-
tenna is fixed, it performs just about as well 
as a two-element quad in a former location. 

For a 20-meter loop, I suggest starting with 
sides 17 feet 10 inches long and trimming 
to optimize the swr. In my case, the regular 
formula length 250/fJIIt7. = side in feet re-
sulted in a resonant frequency higher than 
desired; probably because the sides are 
elongated into a diamond shape. 

Hams having towers high enough to ac-
commodate a 40-meter loop might find it 
would outperform a conventional inverted-
V doublet, even though the bottom current 
loop is close to the ground. 

James A. Gundry, W8BW 

* Editor's note: Suggestions for crossarm braces and a 
balun are included. The balun is recommended for 
optimum efficiency. 
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crystal-controlled frequency meter 

For the past couple of years amateur radio 

magazines have been running articles about 

sophisticated frequency measuring devices, 

mostly using integrated circuits and other 

solid-state components. The crystal-con-

trolled frequency meter shown here is as 

simple as can be constructed and is based 

on the old method of zero beating one fre-

quency against another. 

The oscillator in fig. 2 is an untuned crys-

tal-controlled oscillator. The crystal frequen-

cy can be "pul led" from 2 to 4 kHz, depend-

ing on the crystal. I use an 8 MHz crystal 

and multiply it to 50 M H z ; the 50 MHz sig-

nal is rectified and fed to an audio amplifier. 

With this carrier turned on, every time an-

other carrier of the same frequency is fed 

to the amplifier a zero beat is heard. It even 

radiates enough to check receiver frequency. 

The stability of the oscillator was checked 

with a digital frequency counter and only 

± 1 0 Hz drift was observed at 8 MHz during 

a two-hour period. The frequency meter uses 

a 12 volt battery supply; current drain is 8 
mA—due chiefly to the low-level of amplifier 
used in the circuit. 

Construction is not critical. It can be hand 
wired or everything can be put on printed 
circuit boards; I prefer printed circuit boards 
because it is quicker as well as compact and 
neat. Transistors are the four-for-$1 type 
and crystals were each. The transistors 
in the amplifier should be npn germanium 
with a beta of at least 90; the 2N233 or 
2N170 wil l do the job fine. 

Crystals from 5 to 13 MHz will work in the 
oscillator. Adjust the 47-pF trimmer to zero 
a certain frequency with the proper crystal; 
make sure the 15-pF capacitor is half open. 
You should be able to deviate the crystal 
frequency ± 1 . 5 kHz. To set a transmitter 
vfo, set the 15-pF capacitor to the desired 
frequency, plug in a crystal headphone, load 
the transmitter into a dummy load and vary 
transmitter vfo to zero beat. 

John J. Sury, W5JSN 
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HERE IT IS! 
The AH NEW 

Radio Society of Great Britain 

V H F - U H F MANUAL 
by G. R. Jessop, G6JP 

vhfuhf 
Z'n f 

Over 250 pages devoted to all phases of 
the world above 5 0 M H z . Includes chap-
ters on Propagation, Tuned Circuits, Fil-
ters, Receivers, Transmit ters, SSB, Mobile 
Equipment , Antennas and Accessories. 

Only $3.75 
Postpaid U.S.A. & Canada 

ALSO FROM THE RSGB 

Radio Communications Handbook $11.95 
The outstanding handbook for the radio 
amateur . 

Amateur Radio Circuits Book $ 2.00 
Radio Data Reference Book $ 2.50 
World at Their Fingertips $ 2.50 
Amateur Radio Techniques $ 2.50 

All postpaid U.S.A. & Canada 

Order today from 

b o o k d i v i s i o n 
BOX 592 

AMHERST, N. H. 03031 

simple microphone stand 

A microphone is usually easy and inexpen-
sive lo obtain, bill gelling a microphone 
stand is something else again. The few com-
mercially available stands are rather expen-
sive, often costing as much or more than 
llic mike they support. So after looking for 

XTAl MICROPHONE -
t LAFAYETTE 9ST43IO,ETC. 

fig. 3. Simple microphone stand. 

an easy method of building a stand, I got 
the idea of using a common, stamped steel 
bookend turned on its side. 

The microphone is attached to the flap of 
the bookend. The inexpensive, lapanese 
crystal mikes can be clipped directly to the 
flap, as they arc sold with a built-in clip. 
Other microphones will require other means 
of mounting. I poxy glue should be used if a 
permanent microphone and stand combina-
tion is desired. 

A switch may also be installed on the 
stand al any convenient location. Details will 
depend on the type of switching desired 
(i.e., push-lo-talk, etc.). 

To prevent marring the surface of your op-
erating desk, attach a rubber or plastic 
moulding lo the bottom of the stand. A 
good item for this is a piece of the triangu-
lar, extruded plaslic strips sold for pennies 
at a slalionery store. This material is used for 
binding loose pages into a report or cata-

• My bookend was pinch,med in .1 book More; and is 
made by (tie YV. T. Rogeii Company in Madison. 
Wisconsin. 
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logue. You may even want lo attach a small 
calendar lo ihe extrusion. 

The rear end of the stand can be grooved 
by bending the steel as shown. This provides 
a handy place for pen or pencil and prevents 
scratches as well. 

rr 
n 

-zo-
tta. 16 OA. ALUMINUM 7 " 

4.75 

Though a bookend of the type shown* can 
be bought completely finished and painted 
for about fifty cents, for those who prefer to 
make one out of aluminum or steel sheet, a 
suggested layoul is given in fig. 3. 

D. E. Hausman, VE3BUE 

uhf tuner tester for tv sets 
Most amateurs have tv sets, so I thought 

this idea would appeal lo ham radio readers. 
It's an adaptation of a minialure solid-state 
GE tuner for use as a piece of lest equipment. 
With this tester, you can check ihe uhf front 
end of your tv set without a signal generator. 

A number of surplus-type uhf luners are 
available thai will work nicely as signal gen-
erators. I purchased mine for $5.20 poslpaid 
from Arcturus Electronics.* 

" GE transistorized tuner, catalogue number GE 85 
Arcturus Electronics, 502 22nd Street, Dept. HR, Union 
City, New Jersey 07087. 

ABSOLUTELY 

NEW 
TRI-EX 

W-67 
FREE STANDING 
TOWER. 
SUPPORTS 9 SQ. FT. 
OF ANTENNA. 
Shown with internal Ham M 
rotator and 2 " mast. 

INCLUDES 
• FREE: RIGID BASE 

MOUNT 

• PRE-DRILLED TOP 
PLATE-For TB-2 
thrust bearing. 

• HIGH STRENGTH STEEL 
TUBING LEGS. Solid 
rod, "W" bracing. 

• EASY MAINTENANCE-
No guys or house 
brackets needed. 

• RISES TO 67 F T . -
Nests down to 
22 ft. 

• HOT DIPPED 
GALVANIZED AFTER 
FABRICATION! 
All welding by 
certified welders. 

IMMEDIATE DELIVERY 

FREIGHT PREPAID INSIDE 
CONTINENTAL U.S.A. 

H r i - E x TOWER CORPORATION 
7182 Rasmussen Ave., Vlsaila, Calif. 93277 
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When it comes to 
antenna s y s t e m s . . . 

IS YOURS 

a space problem? a budget problem? 
an installation problem? 

an applications problem? 
or simply a problem of where to buy? 

Your one-stop solution is 

ANTENNAS, INC. 
Exclusively specialists in radiating systems 

Complete systems or any component part 

Arrays — complete or in kit form, 
quads, yagis, dipole assemblies, ver-
ticals — fixed or mobile, towers, 
masts, rotors, guy and control cable, 

J transmission line, coax relays and 
• switches, connectors and adapters, 
1 test gear, technical publications, cor-

rosion resistant hardware, corrosion 
| proofing chemicals, insulators, in-
i stallation and wiring hardware, alu-
ji minum tubing and plate, wire, and 
|i much, much more. 
j| If your requirements are for a com-
! plete system, major components, or 
i the smallest yet important piece of 

hardware — ANTENNAS, INC. has 
AMPHENOL HI-PAR 

! ANTENNA SPECIALISTS E. F. JOHNSON 
1 B E L D E N MILLEN 
| BI LAD A MINI-PRODUCTS 
| BIRNBACH MOR-GAIN 

CALCON WIRE MOSLEY 
I CDE ROTORS NEWTRONICS 

COMDEL OMEGA-T 
, CUBEX POLYGON PLASTICS 
I CUSHCRAFT POMONA 

DGP ROHN 
DPZ SKYLANE 
DOW-KEY SWAN 
EZ-WAY TELREX 
R. L. DRAKE TIMES WIRE 

I HAM-KITS TRI-EX 
i HY-GAIN TRISTAO 
| GENERAL ELECTRIC UNADILLA 

GENTEC VESTO 
GOLDLINE WATERS 

j GOTHAM 

l! A N T E N N A S , INC 

Can be your one-stop, single-source 
Write today far our catalog — 

no charge of course. 

ANTENNAS, INC 
Dept. C, 512 McDonald Road 

Leavenworth, Kansas 66048 

Remove the tuner from its cover by un-
hinging the securing wire. Note the junction 
of two resistors feeding the stator of the os-
cillator section of the tuning capacitor. At-
tach a one-half-inch piece of insulated wire 
to this junction. Drill a hole in the cover to 
accommodate the wire when the cover is re-
placed. Leave about one-eighth inch of bare 
wire at the other end. Replace the cover. 

Connect a half-watt, 330-ohm resistor to 
the insulated stud. (This is the spot where 
the tuner instructions say to install the 15 
kilohm resistor furnished.) Attach a few 
inches of wire to the other end of the re-
sistor. Tape wire and resistor to the tuner 
case. Install the mounting bracket and nut 
according to tuner instructions, as well as 
the fine and coarse tuning knobs. Connect a 
6-volt battery charger (must be unfiltered), 
with negative lead to the case and positive 
lead to the wire connected to the 330-ohm 
resistor. 

Tune the tv set to a known uhf channel. 
Adjust the tuner slightly so the picture just 
disappears. Run a jumper from the wire 
emerging from the oscillator section of the 
tester to the uhf antenna terminals of the tv 
set. Apply power to the tuner, and tune until 
two black and two white bars appear on the 
tv screen. (This assumes a full wave charger 
or rectifier circuit.) Set the tester dial to read 
the same as the uhf dial on the tv set minus 
the offset to make the picture disappear. 

This completes the tune-up and tester cali-
bration. Other modulated 6-12 volt sources 
may be used, providing the transistor in the 
tester isn't overdriven. 

John R. Schuler 

transistors for vhf 
transmitters 
Amplitude modulation, although popular 
with hams on the vhf bands, is not popu-
lar with transistors. If you really want to 
know how to get high quality a-m, get 
copies of the RCA 40290/40292 transistor 
data sheets. If a particular rf power 
transistor is not rated for a-m use, then, 
"10 watts out," means 2 or 3 watts of 
carrier power and 10 watts on a-m peaks. 
For a-m operation with a 12-volt power 
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supply use a 28-vo!t transistor and modu-
late the last two or three stages. 

For single sideband, a 10-watt rf power 
transistor runs 10 watts PEP—not very at-
tractive. Since transistors heat up in thou-
sandths of a second, they don't "average" 
very well. Also, there's no such thing as 
ICAS ratings for rf power transistors. 

Power Output (Watts) 
Type 6M 2M 220 432 

40405 0.5 0.4 0.4 

2N3866 1.6 1.5 1.3 1.0 

2N4073 1.0 0.6 0.3 

40290 2.0* 2.0* 

40292 6.0* 6.0* 4.0 

2N2631 7.5 

2N3553 8 5 3 

2N3375 10 8 6 2.0 

2N2632 15 13 10 

2N3733 20 20 15 8 

2N5016 25 20 

* amplitude modulated 

Comment 

12-V doubler or 
amplifier 

28-V driver but 
good with 12-V 
supplies 

12-V driver 

rated for 12-V a-

insulated 
collector; rated 
for 12-V a-m 

up to 40-V, 
poor with 12-V 
supplies 

TO-39 case 

insulated 
collector 

insulated 
collector 

insulated 
collector 

Price 

$ 1.65 

2.97 

2.70 

m 2.48 

10.45 

3.47 

4.37 

10.80 

12.75 

15.80 

43.50 

J 

For fm or CW exciters, rf power transis-
tors perform well. However, if the last 
stage is driven hard, it will require some 
sort of protection from mismatched loads 
—either a directional-coupler scheme or 
an isolator. High power rf amplifiers that 
are used to drive varactor frequency mul-
tipliers are especially likely to have mis-
match problems. 

The power gains of the transistors listed 
in table 1 are comparable to commonly 
used vacuum tubes; net efficiencies, in-
cluding circuit losses, are often greater 
than 70%. Those listed are ones I con-
sider best buys in terms of results. 

Hank Cross, W I O O P 
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look - jim 
fish 

During disastrous hurricane Camille along the 
Gulf Coast, and the terrible flooding in Vir-
ginia, amateur radio was once again called 
upon to provide communications in and out 
of the stricken areas. Most of the emergency 
communications from Mississippi were han-
dled on the high-frequency bands, while two-
meter fm was used in Virginia. 

The many fm repeaters around the country 
are ideal for emergency work since they pro-
vide dependable long-range communications 
with low-powered battery-operated transmit-
ters. The Lynchburg, Virginia, repeater, 
WB4HCX, was tied in with the communica-
tions control station K4KJN, and handled com-
munications with the isolated disaster areas. 
At one point W4GCE's remote-control station 
was placed into service to handle the heavy 
load of traffic. After approximately 100 hours 
of continuous operation, minimum telephone 
service was restored, and K4KJN, repeater 
WB4HCX and remote-station W4GCE ceased 
emergency operation. 

Two-meter fm has an additional advantage 
during an emergency—the communications-
control station can exercise better control 
over the situation. When operations shift to 
the high-frequency bands, communications 
are hindered by the many stations who are 
"standing by" to help. If the stations standing 
by would do more listening and less trans-
mitting, operations would be speeded im-
mensely. Also, during the recent crisis, there 
was all too much idle chatter on the emergen-
cy channel. Several times emergency and 

medical traffic was held up while stations 
broadcast various "announcements" and news 
reports to the waiting multitude. 

The next time you hear an emergency fre-
quency in operation, don't jump in with both 
feet and announce that you are "standing by" 
to help unless you're asked to do so. If the 
net-control station is looking for a station to 
accept traffic to your vicinity, that is your cue 
to turn on your transmitter. Remember too 
that amateur stations in the stricken area will 
seldom handle incoming traffic because they 
have no way to get it to the addressee. 

catalog time 
If your mailbox is anything like mine, it's 

been overloaded of late with new catalogs 
from all the big electronics distributors. First 
on the scene was the new 1970 number from 
Allied Radio, followed closely by volumes 
from Burstein-Applebee and Lafayette Radio 
Electronics. The new 1970 Radio Shack cata-
log is out too, but for that one you have to 
personally call at your local Radio Shack out-
let. 

If you do any building at all, you owe it to 
yourself to have these catalogs in your shack. 
If you're not already on your favorite distrib-
utor's mailing list you probably didn't buy 
any components during the past year or so, 
but a post-card request will usually bring a 
copy of his latest catalog tout de suite. 

J im Fisk, W 1 D T Y 
aditor 
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hot-carrier diode 

converter 
In a conventional vhf or uhf converter con-
sisting of an rf stage, oscillator-mixer and 
output i-f amplifier, (he mixer is usually 
noisy and operates with substantial loss 
in signal. To overcome these problems, it 
is necessary to use a low-noise moderate 
gain front end and an output i-f amplifier 
to obtain a good noise figure along with 
over-all converter gain. The converter 
stage is generally responsible for this 
increased complexity, and although the 
problem is slowly being solved with im-
proved semiconductors, one solid-state de-
vice that is ideal for this use has been 
largely ignored by amateurs—the hot car-
rier diode. 

Until recently the high cost of this de-
vice precluded its use in all but prestige 
military and high priced commercial 
equipment, bul now prices are within the 
budget of the amateur. The hol-carrier di-
ode is characterized by low-loss frequency 
conversion and extremely low circuit 
noise, so it makes an ideal frequency 
mixer stage. 

By using hot-carrier diodes in an ama-
teur converter, the rf amplifier and i-f out-
put stage can be eliminated; all you need 

for 
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is the hot-carrier diode mixer and local-
oscillator injection. A simple two-meter 
converter using these techniques is de-
scribed in this article. This converter per-
forms as well as any conventional high-
performance unit with only a fraction of 
the circuitry. Except for the diodes, all the 
components are the junk-box variety. The 
total cost of the five diodes is $7.50. 

hot-carrier diode mixers 
The hot-carrier or Schottky diode is a 

metal-on-semiconductor diode that rivals 
the point-contact diode (1N21 for example) 
in performance but far surpasses it in uni-
formity, reproducibility and reliability. 
Current through these devices is primarily 
by means of majority current carriers; 
usually electrons since they are the mo'st 
mobile. When the hot-carrier diode is for-
ward biased, the current carriers are in-
jected into the metallic portion of the 
junction at energy levels much higher than 
free electrons, thus the name, "hot carrier". 

For frequency-conversion applications 
the low-noise high-efficiency characteris-
tics of the hot-carrier diodes are especially 
desirable. Conversion efficiency is typical-
ly —2 to —3 dB (ratio of i-f power to in-
coming rf power). The low noise contrib-
uted by the hot-carrier diode is a direct 
result of the device's characteristic current-
vs-voltage curve. 

The curves of fig. 1 compare the char-
acteristics of the point-contact diode with 
those of a hot-carrier device. It can be 
seen that the reverse breakdown voltage 
for the hot-carrier diode is much larger 
than that for the point-contact diode. 
With the higher reverse breakdown voltage 
of the hot carrier diode, it conducts less 
easily in the reverse direction, so is much 
quieter at normal operating voltages. The 
fact that reverse diode current is noisy 
should be obvious to any vhf experimenter 
who has used reverse-biased diodes as noise 
sources. 

When a diode is used as a mixer, the 
local-oscillator signal alternately turns it 
on and off. When the local oscillator volt-
age swings in the reverse direction, a large 
amount of shot noise is generated by the 

point-contact diode. With the hot-carrier 
diode, very little noise is generated when 
the local oscillator voltage swings in the 
reverse direction. 

As noted before, the higher efficiency 
and lower noise of the hot-carrier diode 
means that rf and i-f amplifier stages are 
not required. However, since some loss 
is introduced by the mixer, there is 
some reduction in over-all receiving system 
sensitivity. If, for example, a hot-carrier di-
ode converter is used with a communica-
tions receiver that has a sensitivity of 1 

T ' 

I 

i li 
i 

-i 

fig. 1. Volt-currant characteristics of typical 
hot-carrier and point-contact diodes. 

fiV for 10 dB signal-plus-noise-to-noise ra-
tio, the over-all receiving sensitivity with 
the converter is reduced to 1.6 to 2.0 /uV 
for the same performance. This is still very 
competitive with existing high-performance 
converters. 

Another characteristic in favor of the 
hot-carrier device is its large dynamic 
square-law range which means fewer prob-
lems with cross modulation from nearby 
high-level signals. 

two-meter converter 
The two-meter converter circuit shown in 

fig. 2 consists of a double-balanced hot-
carrier diode mixer driven by a crystal-
controlled oscillator. The double-balanced 
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C I , C2 

C3 

C4 

L I 

L2 

L3, L4 

L5 

4.5-25 pF padder (CRL 822CN-N650) 

7-45 pF padder (CRL 822BN-N650) 

3-12 pF padder (CRL 822FZ-NPO) 

0.78 /^H, 10 turns no. 20 air wound, V i " di-

ameter 5 /8 " long (B&W 3003 coi l stock) 

1 turn loop wound around bypassed end of 

L1 

0.21 jxH, 4 turns no. 18, air wound, V i " diam-
eter, 5 /8 " long (B&W 3002 coilstock) Diode 
tap 1 Vi turn from ground end; output tap 
2Vi turns from ground end. 
5 turns no. 20 wound on W ceramic form, 
center tapped (J. W. Mil ler 4400 with slug 
removed); see fig. 4A. 

L6 3 turns no. 20 enamelled wound over L5, 
center tapped; see fig. 4A. 

L7 3 turns no. 20 enamelled wound over L8, 
center tapped; see fig. 4B. 

L8 11 turns no. 20 enamelled close wound on 
V . " slug-tuned form (J. W. Mi l ler 4400-2); 
see fig. 4B. 

L9 2 turn loop wound over ground end of L7, L8. 

RFC 2.0 f iH, 20 turns no. 26 enamelled close 

wound on 7<" form (National R60) 

The HPA 2900 diodes may be purchased from any 
Hewlett Packard Sales off ice. Consult the Yellow 
Pages or write to Hewlett Packard, 620 Page Mi l l 
Road, Palo Al to, California 94304, for the address 
of your local sales off ice. 

f ig. 2. Schematic of the high-performance hot-carrier diode converter for 144 to 147 MHz. If you want al l sol id 
state construction, use the transistor oscil lator circuit shown in f ig. 3. 

mixer has a tuned input and tuned output 
and uses four Hewlett-Packard 2900 hot-
carrier diodes. A f i f th d iode is used as a 
f requency mul t ip l ier f rom 43.33 MHz to 
130.0 MHz. Local osci l lator power is in-
jected at the center tap of the input in-
ductor , L6. A l though a nuvistor local-oscil-
lator stage is shown in f ig. 2, a transistor 
stage, such as the one shown in f ig. 3, 

could be used as wel l . 
The osci l lator c i rcui t uses a th i rd-over-

tone 43.33 MHz crystal. The ou tpu t is loop 
coupled to the hot-carr ier d iode t r ip ler ; the 

tank circui t L3-C2 is resonant at 130 MHz . 
An opt ional fm trap is inc luded in the lo-
cal-oscil lator in ject ion l ine for use where 
strong signals f rom fm broadcast stations 
may mix w i t h the second harmonic of the 
oscil lator. If no strong fm stations are in 
the area the fm trap may be el iminated. 

construction 
The converter is bu i l t into a 278x3x574 

inch minibox. The oscil lator coi l L1, 
t r ip ler coi l L3 and trap coi l L4 are com-
mercial a i r -wound inductors; the mixer 
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coils are wound on ceramic coil forms. Al-
though Ihe actual layout is not critical, 
good vhf construction techniques should be 
followed; all leads should be kept as short 
as possible, and the coils mounted at right 
angles for reduced coupling between cir-
cuits. 

The nuvistor socket is mounted adjacent 
to Ihe crystal and power socket. The four 
45-pF trimmers (CI-C4) are mounted with 
ceramic spacers placing them about Vn 
inch from the box surface. 

For L6 interwind 3 turns of number 20 
insulated wire between the turns of 1.5 and 
connect Ihe ends to the two coil lugs. Re-
move a small section of insulation at the 
center-tap point but be careful not to 
short the windings; connect an additional 
number 20 wire at that position. This is 
the oscillator connection. 

The output transformer requires three 
lugs. If a junk box terminal is not avail-
able, you can use a small standoff insula-
tor or terminal strip, but use minimum 

Component layout of the two-meter converter. The crystal oscillator and multiplier stages are to the loft; the 
hot-carrier-diode mixer is on the right. 

While the two mixer transformers are 
not especially critical, care in construction 
will improve Ihe balance and oscillator re-
jection in the completed converter. The 
two transformer assemblies are shown in 
fig. 4. For the input transformer first wind 5 
(urns number 20 bare copper wire around 
the form, leaving about V h inches at each 
end. Spread the turns so that ihe L6 wind-
ing may be placed between the turns. The 
coil should be about Vs inch long. Use a 
short piece of bare number 20 wire for the 
antenna tap. 

lead length. First, wind 11 turns of number 
20 insulated wire (U) on the second form. 
Terminate one end on the upper coil term-
inal and leave the other end free for con-
nection later to a ground lug. Secondly, 
wind 3 turns of number 20 bare wire (L7) 
over ihe center portion of 18 and attach 
both ends to the remaining coil lugs. Use a 
piece of number 20 wire for the center-tap 
local-oscillator ground return. The re-
maining output coupling loop (L9) is 
wound lightly over the ground end of L8 
with the ends left for later connection to 
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ground and the output connector. 
The four hot-carrier diodes should be 

mounted between the four coil lugs as 
shown in the photograph. Don' t use exces-
sive heat when soldering them into the 
circuit. 

alignment 
If the fm trap is used, put a jumper wire 

across this circuit before beginning the 
tune-up procedure. Wi th the crystal and 
nuvistor in place, apply power to the cir-
cuit and adjust the oscillator for maxi-
mum output. Attach a dc voltmeter be-

tween ground and the junct ion of L1 and 
the 10k resistor (point A). When the 6CW4 
is not oscillating, this voltage should be 
about 50 Vdc. Adjust capacitor CI for 
maximum oscillator output whi le simul-
taneously checking that the oscillator w i l l 
start. This can be accomplished by switch-
ing the B-|- off and on after each adjust-
ment. Wi th the oscillator properly ad-
justed, the voltage at A wi l l read 70 to 100 
Vdc. 

The transistor oscillator in fig. 3 is ad-
justed by connecting a dc voltmeter be-
tween ground and the rfc-47-ohm resistor-

fig. 4. Construction 
details of the input 
and output mixer 
transformers. Each 
of the transformers 
is wound on a 3/8" 
ceramic form such 
as the J. W. Miller 
4400. No tuning 
slug is used with 
the input trans-
former. 

3 TURNS NO. 20 TO 
f!4a MHt TANK 

CENTER-TAP 
OSCILLATOR 

CENTER-TAP TO 
ANTENNA 

3 TURNS NO. SO 
TO DIODES 

0ROUND SIDE OF 
I4S MHl TANK 

3 TURNS NO. tO 
TO DIODES 

II TURNS NO. 20 
TO IS Mil TANK 

CENTER-TAP 
TO SROUND 

GROUND SIDE 
OF IS MHi TANK 

INPUT TRANSFORMER 

"7 2 TURN NO. SO 
OUTPUT LOOP NOT 

SHOWN HERE ) 
OUTPUT TRANSFORMER 

o 

U J £ _ _ _ TO HPA £900 
C ^ TRIPLEX 

m 

C1 7-45 pF padder (CRL 822BN-N650) 

L1 0.38 /j.H, 6 turns no. 20, air wound, 1 / I " diam-
eter, 7 / 1 6 " long (B&W 3003 coilstock) 

L2 1 turn loop over bypassed end of L1 
RF C 2.0 20 turns no. 26 enamelled close 

wound on '/«" form (National R60) 

fig. 3. Third-overtone transistor oscillator circuit 
suitable for the two-meter converter shown in fig. 2. 

junction (point A). When the device is not 
oscillating, the voltage should read ap-
proximately 1.0 Vdc wi th a 15-V supply. 
Adjust capacitor C1 for maximum voltage 
reading (3 to 4 Vdc) and check for oscil-
lator starting. 

Connect the converter to a suitable re-
ceiver wi th a short piece of coaxial cable. 
With a 145-MHz signal applied to the in-
put and the receiver tuned to the correct 
i-f frequency (15 MHz), adjust the tripler 
capacitor C2 for maximum signal strength. 
Then adjust the input circuit C4 for maxi-
mum signal strength. Adjust the position of 
the slug in the output transformer for max-
imum signal strength. Repeat the oscilla-
tor, tripler, input and output tuning steps, 
this t ime for maximum signal-to-noise 
ratio. 

If fm interference is present, remove the 
short across L4-C3 and tune the trap for 
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minimum interference. Check to see thai 

this adjustment didn't reduce the signal-to-

noise ratio. If necessary, repeal the pre-

vious alignment steps to negate any inter-

action that may have resulted. 

Local oscillator power should be more 

than sufficient, but the oscillator loop 

coupling should be changed (moved or 

more turns added) to verify that there is no 

increase in the signal-to-noise ratio as a 

result of increased oscillator drive. The 

converter requires 1 to 5 milliwatts of rf 

drive for opt imum performance. 

Closoup of tha two mixer transformers 

and the four hot-carrier diodes. 

closing thoughts 
Some difficulty generally arises with any 

oscillator-multiplier system because of sub-

sequent harmonic mixing: mixing of signals 

wi th the oscillator harmonics and falling 

within the i-f band. The optional trap cir-

cuit in fig. 2 should handle most situations 

where very powerful stations are not next 

door. However, if fm stations continue 

through with the trap in place and the cir-

cuit is well shielded, about the only sure-

fire alternative is to change the i-f. A 

double-tuned trap may also help. 

The double-balanced mixer circuit and 

HPA 2900 hot-carrier diodes are suitable 

for operation over all amateur bands from 

160 meters through 1000 Mc with suitable 

circuit modification. 

ham radio 
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a practical discussion of 
product 

detector 
operation 

Including 

a brand new 

high performance 

product detector 

using 

hot-carrier diodes 

fS "O 
£ 
19 
U 

O 
o 

« o 
u 
•o o o $ 
</» 60 c 

M 
fN 

u ro 

e 
"3 
(/i 

•a 
"o 
u 
a; .2 

In the world of ham circuitry, where al-
most everything these days can be reduced 
down to oscillators and linear amplifiers, 
the product detector is probably the last 
frontier of mystery. The reason is elemen-
tary—even the simplest product-detector 
circuits operate on some pretty high-flying 
principles. Without delving into some 
frightening algebra these principles are a 
little hard for nonmathematicians to 
grasp. Let's discuss the whole thing down 
at the grassroots level, so the circuit that 
follows can be viewed with the utmost 
appreciation. 

To start, the term "product detector" is 
very misleading. We know that the output 
of such a detector is basically the sum and 
difference of the two input frequencies (i-f 
and bfo), so why is the beast called a 
product detector? If you can't answer that 
question without peeking, then it isn't 
cricket to flip the page and look at the 
ads. 

fig. 1. Output of this simple mechanical 
switching circuit is the product of the load 
resistance and the input current. 

cioseo 
—o— •—-

OPCN "0" 

m 

— oarrwr 
t 

"l »O 

1 
operation 

Let's consider the operation of a simple 
switch, that is opening and closing, allow-
ing current to flow in some load resistance 
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(fig. 1). When the switch is closed the cur-
rent caused by the input signal produces 
a voltage drop across the load resistor 
which appears as a sine-wave output 
voltage. This output voltage has an ampli-
tude E() = by Ohm's law. When the 
switch is open no current flows in the foad 
resistor, and the output point sits at 
ground level, or zero volts. 

The waveforms of this circuit could be 
plotted like those of fig. 3. If we close the 
switch at time T1, open it at T2, etc., we 
appear to generate a square wave hav-
ing the levels "switches open" and 
"switches closed." Call the level when the 
switch is closed 1, and the level when the 
switch is open 0. When the switch is at 1 
the current is l L ; when the switch is at 0 
the current is zero. Another way of writing 
this is: 

l L X 1 = l L 

l L X 0 = 0 

Note that switching between the two levels 
effectively generates a square-wave of cur-
rent. Now, let's bravely write the equations 
that describe the output voltage for the 
waveform of fig. 3, for the conditions of 
the switch being open and closed. 

T1 - * T 2 : 

. R l . IL X 1 L / 
so E0 does equal l L R L 

T 2 T 3 : 

E0 = L L R L , l L X 0 = 0; so E0 equals zero. 

Note that each time we write the equation 
for the output voltage (E0), it depends on 

fig. 2. Putting a diode in the 
simple circuit of fig. 1. 

oiooe 

- N - ^OUTPUT 

l*L J 
m m 

the product of the value of R L (which is 
constant) and whatever amplitude l L has 
at the time. Another way of saying this 
is that the output voltage L L R L is multi-

plied by the square wave that controls the 
current flow. 

doing it electronically 
Now let's get rid of the mechanical 

switch; use a good, fast, silicon switching 
diode instead. If we examine the charac-
teristics of a switch and a fast diode, it 
appears that this substitution is legal. 
Could ten thousand computer engineers be 
wrong? Fig. 4 shows the two characteristics. 

Note that the silicon diode has a very 
little voltage drop across it when it is for-
ward biased for conduction. This, of 
course, is the same with a switch. The 
switch does not delay in going from mini-

H 

TV! A/1 

fig. 3. Timing diagram for the circuit in fig. 1 
shows output is obtained only when the switch 
is closed, or in the "1" position. 

mum conduction to maximum conduction, 
and the diode doesn't lag far behind. 
With the diode replacing the switch, let's 
look at our circuit again (fig. 2). 

We cannot close the diode switch by 
opening and closing a lever, but we can 
provide an electronic lever in the form of 
a square wave to do the switching for us. 
Let's define the square wave as having 
two levels, 0 and 1. Fig. 5 shows the diode 
switch circuit being operated by this 
square wave. 

What happens in the circuit? At T1, the 
square wave changes from the 0 to the 1 
level, charging C to this level. The diode 
is now forward biased, so the switch has 
closed. The square wave allows the input 
voltage to produce a voltage drop across 
R l such that E0 = L LR L . 
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You can now plot the waveforms for our 
new circuit. Looking at these waveforms, 
and comparing them with the waveforms 
plotted for the simple mechanical switch 
circuit, it is obvious that the waveforms, 
and therefore the equations describing -i 
those waveforms, are identical for either 
circuit. We are left, as before, with an 
output that is the product of the output 
voltage l L R L and the square wave that con-
trols the current flow. The only difference 
is that now the square wave is electronic, 
not mechanical. In each case, however, 

DIODE 

fig. 5. Practical diode switching circuit does the 
same job as the mechanical switching circuit in (ig. 
1; output waveforms of this circuit are shown in fig. 2. 

the output is the product of the equations 
of the two input waveforms, so both cir-
cuits are detectors. 

If we describe the input sine wave volt-
age as (sin A), and the switching square 
wave as (cos B + cos 3B + cos 5B + . . .)*, 
and we multiply these waveforms by trigo-
nometrical methods, we will be presented 
with the terms (A + B) and (A — B), 

•Square waves are made up from an infinite number 
of odd harmonics, hence the use of the terms 1, 3, 5. 

l t 

—CLOSED — CLOSED 

OPEN^, OPEN^ / 
SWITCH DIODE • — O . S V 

fig. 4. Turn on characteristics of silicon diodes 
compare favorably with mechanical switches. 

among others. These are the sum and dif-
ference frequencies we are looking for, and 
the desired one is easily selected with a 
properly designed filter. For our purposes, 
we want only the difference frequency, so 
we can put a lowpass filter on the output 
of the detector to reject the high-frequency 
terms. Note that in perfect multiplication 
the fundamental input frequencies don't 
appear in the output. 

diode switches 
At this point you should understand how 

and why product detectors work and 
where they get their name. Look again at 
the basic diode switch, with a view to de-
veloping a working circuit from it. First, con-
sider the output. We said that for a perfect 
multiplication, no input or switching wave-
form frequency terms appear in the out-
put. Unfortunately, our diode isn't a per-
fect switch so this isn't necessarily true. 
Also, our switch is only conducting over 
half of the total period of the switching 
waveform. For .optimum operation we have 
to find some diodes that look most like 
perfect switches, and make our circuit 
conduct for the total time, while retaining 
the multiplying feature of the operation. 

fig. 6. High-performance product detector uses two Hewlett-Packard 2800 hot-carrier diodes at D1 and D2 (H-P 
also manufactures a matched pair, the 2804). The bfo input level should be an 8-volt p-p square wave; i-f input 
level is 0.3 volts maximum. L I and the two .001 capacitors comprise a low-pass audio filter. 

BFO 
«twr 

OI/JF 
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rn T l 
AUDIO 

' OUTPUT 

OOtpF 
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The way to beat the half-time conduc-
tion problem is to have two diodes in the 
switch such that one conducts for half the 
switching cycle while the other conducts 
for the remainder. The problem of the best 
diode is not solved easily, but a pair of 
matched hot-carrier diodes is a step in 
the right direction. These diodes are very 
fast, can be matched very closely in their 
characteristics, and have little voltage drop 
across them when conducting. 

One more point that should be exam-
ined while we are still in the ivory tower 
section of this discussion is the subject of 
the switching waveform. It was stated 
that a square switching waveform was 
necessary, and for the best distortion-free 
output, this is true. However, it is quite 
in order to use a large-amplitude sine 
wave to perform the switching function 
with a good output filter to reject the re-
sulting high-frequency products. Your ear is 
not likely to notice the difference. 

practical circuit 
We can now creep out from our ivy-

covered hideout and examine a working 
(boy, does it work) circuit (fig. 6) with full 
understanding. The diodes used are 
matched hot-carrier diodes produced by 
Hewlett-Packard, who make wild claims 
for them, justifiably. The output resistors 
are precision toleranced to preserve circuit 
balance. The bfo voltage is fed to the 
diodes in push-pull to ensure that one is 
off while the other is conducting. 

While the best output waveform was ob-
tained using a square switching waveform, 
most of- us would not bother making a 
squarewave bfo, and a sine wave switch-
ing voltage will produce a good linear 
output which is clean of hash after put-
ting it through the filter. The audio out-
put level is approximately half the ampli-
tude of the input i-f level; this is only 6 
dB attenuation. This circuit compares fav-
orably with circuits using beam-deflection 
tubes and seems to operate completely 
withi n the limits of the theories discussed. 

Confidentially, it's the best detector I've 
seen since I sold my tube puller! 

ham radio 

When it comes to 
antenna s y s t e m s . . . 

IS YOURS 
a space problem? a budget problem? 

an installation problem? 
an applications problem? 

or simply a problem of where to buy? 

Your one-stop solution is 

ANTENNAS, INC. 
Exclusively specialists in radiating systems 

Complete systems or any component part 

Arrays — complete or in kit form, 
quads, yagis, dipole assemblies, ver-
ticals — fixed or mobile, towers, 
masts, rotors, guy and control cable, 
transmission line, coax relays and 
switches, connectors and adapters, 
test gear, technical publications, cor-
rosion resistant hardware, corrosion 
proofing chemicals, insulators, in-
stallation and wiring hardware, alu-
minum tubing and plate, wire, and 
much, much more. 
If your requirements are for a com-
plete system, major components, or 
the smallest yet important piece of 
hardware — ANTENNAS, INC has 
AMPHENOL 
ANTENNA SPECIALISTS 
BELDEN 
BILADA 
BIRNBACH 
CALCON WIRE 
CDE ROTORS 
COMDEL 
CUBEX 
CUSHCRAFT 
DGP 
DPZ 
DOW-KEY 
EZ-WAY 
R. L. DRAKE 
HAM-KITS 
HY-GAIN 
GENERAL ELECTRIC 
GENTEC 
GOLDLINE 
GOTHAM 

HI-PAR 
E. F. JOHNSON 
MILLEN 
MINI-PRODUCTS 
MOR-GAIN 
MOSLEY 
NEWTRONICS 
OMEGA-T 
POLYGON PLASTICS 
POMONA 
ROHN 
SKYLANE 
SWAN 
TELREX 
TIMES WIRE 
TRI-EX 
TRISTAO 
UNADILLA 
VESTO 
WATERS 

ANTENNAS, INC. 
Can be your one-stop, single-source 

Write today for our catalog — 
no charge of course. 

ANTENNAS; INC 
Dept. C, 512 McDonald Road 
Leavenworth, Kansas 66048 

october 1969 g g 15 



hot-carrier diode 

rioise blanker 

A circuit 

that provides 

controlled limiting 

without distortion-

featuring 

the HP-2800 

hot-carrier diode 

in 
o 
£ 
v 

01 

c o 
00 

X u 

01 > 

c 
0 
E 01 

1 ^ 
C! 

I 
0) 

XI a. 
E « 

U 

ee 

When Hewlett-Packard announced the avail-
ability of inexpensive HP-2800 hot-carrier 
diodes (hcd), I was prompted to find uses 
for them as replacements for the silicon 
computer diodes so common in amateur 
equipment. Chief among their desirable 
characteristics is near-perfect linearity, not 
common in silicon or germanium units. The 
hcd's are closest to diodes such as the Syl-
vania 1N3731, but they have improved volt-
age-current characteristics when properly 
biased. They're also usable in vswr instru-
ments because of their linearity. As mixers, 
hcd's exhibit comparatively low noise, and 
they're almost independent of local oscilla-
tor injection level. This is important in 
homebrewed converters without sophisticat-
ed equipment. 

hcd noise blanker 
Using HP-2800's in an i-f noise blanker 

seemed an ideal application, because they're 
essentially anti-overload devices. This may 
seem contradictory, because the usual blank-
er limits by overloading; however, cross-
modulation can be so bad you may as well 
omit the blanker on local signals. Where 
these new diodes help is in a trough limiter 
circuit.1-2 I adapted this principle to an 
Ameco PCL-P preamplifier (fig. 1) and added 
a full-wave, shunt-fed voltage doubler that 
short circuits on high negative spikes. This 
results in quite precise limiting, which is also 
effective on auto ignition noise. Output 
stage overload is prevented by the series in-
put diodes biased to conduct the i-f signal 
and negative-going spikes only. Signal-to-
noise ratio is greatly improved; in fact, with 
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the avc off you can see the blanker "ride 
back" on the random noise. 

I found it necessary to build up incoming 
signal plus noise to about 20 dB so there 
would be adequate voltage threshold for 
noise suppression. This is the reason for 
building the blanking circuit into the PCL-P. 
1 substituted 6DS4's for the sharp cutoff 
6CW4 nuvistors to control overload on local 
signals. A big advantage in using the PCL-P 

1N456 silicon junction diode in my SX-122 
automatic noise limiter to an HP-2800. Now 
I can leave the anl switch in the "on" posi-
tion with no audio distortion. 

Assuming high-amplitude signals, here's 
how the hcd's and the germanium diode 
control the noise peaks: negative peaks are 
passed by D1 and D2; amplitude is about 
+0.3 volt average. The maximum negative-
going i-f signal is sharply cut off to 0.22 volt 

D1, D2, 03 Hewlett-Packard HP-2800 R1 68 ohms, Vi watt, S'/o 

D5 1N949, 1N995, or 1N3125 R2 150k, Vi watt, 10"/o 

P4 HP-2800 or 1N3125 RFC1, RFC2 75 /iH 

fig. 1. Ameco preamplifier with W4KAE's noise blanker installed. D1, D2 are biased to conduct i-f signals plus 
negative-going noise pulses, which are clamped by trough diode D3; amplified spikes are then shorted by D4, 
providing controlled limiting. 03 may be elminated if D4 functions adequately without it. 

adapted to a blanking circuit is that you can 
tune to any i-f range desired. 

theory 
I tried several circuits, but none was as ef-

fective as the blanker presented here. The 
series noise gate was closest to providing de-
sired characteristics, so I improved it to 
eliminate impulse-noise blasts by adding the 
trough diode (D3, fig. 1). I couldn't eliminate 
all the impulse noise, so I changed the 

by the trough diode. This means that the 
total pulse swing in the tee section is from 
+0.7 to —0.2 volt, with the reference volt-
age at about +0.3 volt. Leaving the tee net-
work, this reference is clamped to zero volts 
dc, and only negative-going pulses are 
passed. The zero-voltage-clamped pulses and 
noise fragments are passed on the linear 
characteristic of the forward-biased hcd's; 
hence there's no loading in the following 
stage. 
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Diodes D4 and D5 comprise what I call a 

"shorted full-wave voltage doubler," because 

that's how I derived the network. It works! 

I've redrawn the circuit to explain its opera-

tion (fig. 2). 

You'll see (fig. 1) that the output transform-

er's primary is heavily loaded; its secon-

dary impedance is so low it's impractical to 

shunt limit here. In fig. 2 I've shown D5's 

cathode and the lower end of R1 at ground 

potential, for illustration purposes. Thus R1 

fig. 2. Derivation of the shunt limiter. D4, D5 
comprise a "shorted" full-wave voltage doubler; 
in actual circuit R1 provides bias for D4. 
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D3 is the trough diode used with the HP-

2800 hcd's. Type 1N949, 1N995 or 1N3125's 

are preferred. D1 and D2 are the passing/ 

clamping diodes that limit signal plus trough 

noise through the nuvistors. The amplified, 

negative-going spikes are then limited in a 

controlled manner by D4. Bias developed 

across R2 is about 0.33 volt. A 10-percent 

tolerance resistor is satisfactory for R2, since 

its value isn't as critical as R1's. 

construction 
Because the blanker is built from the 

Ameco preamplifier, little need be said re-

garding construction. I made liberal use of 

button micas capacitors, which are mainly for 

tie points. Bypassing with large values of disc 

ceramics is necessary. 

If you wish to try a saturation limiter, you 
can add a 10 krlohm wirewound potenti-
ometer in the "aux pot" hole of the pream-
plifier. 

RN 

acts as a load resistor. D4 is in series with 

this hypothetical load and is shunted by the 

0.001 and 0.02 ,uF capacitors. The i-f trans-

former return is connected to their junction. 

Thus, if we have no need to extract power 

from such an arrangement, D5 can be re-

placed directly across the transformer pri-

mary. When conducting on noise peaks, D4 

short circuits negative-going noise pulse 

since it's forward biased. R1 now serves as a 

bias resistor (fig. 1). 

iwro |£-
3/30 UHT 
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fig. 3. Typical values for the W4KAE Tee noise 
gate that can be used in usual i-f circuits. 

the complete circuit 
Typical resistor values for positive diode 

bias input gating and output loading are 
shown in fig. 1. I replaced Ameco part desig-
nations with those shown in parentheses. 
You could substitute silicon epitaxial planar 
computer diodes for the hcd's, but you may 
have to change the bias resistors. R1, the out-
put diode bias resistor, should be 33 ohms, 
5 percent. Forward bias is 0.225 V. D4 and 
D5 are connected as a "shorted full-wave 
doubler," as discussed above. R1 should be at 
least 18 ohms; preferably 33 ohms, 5 percent 
tolerance. Any resistance higher than 33 ohms 
will drastically reduce the output. 

generalized schematic 
In fig. 3 I've included a schematic show-

ing typical values for the hcd blanker that 

can be added to most receiver i-f strips. If 

your i-f strip has about 20 dB gain, as men-

tioned previously, you can add the shunt 

limiter, using the component values shown 

rn fig. 1. 

references 
1. James Kyle, K5JKX, "Receivers," Radio Bookshop, 
pp. 37-38. 

2. Paul Fran son, WA1CCH, "D i ode Handbook," TS, 
January, 1968, pp. 10A-11A. 

ham radio 

18 [jg october 1969 



low-cost 

integrated 
circuits 

for 

amateur equipment 

Simple new consumer ICs 

should appeal 

to the home builder 

who is looking 

for higher performance 

with less complexity 

tn n 
ITS OS 

o 
N 

« 
•a 

© u 1/5 
aT 
3 
C 
01 
« 
c 
0 
N 01 c c 

8 

Uj" 
at * 

< 

o 
C 

3 <S C. 

Motorola's recent introduction of simple 
integrated circuits designed specifically for 
inexpensive consumer equipment should in-
terest the building ham. Consumer elec-
tronics components have always been in-
expensive, both because of the huge quan-
tity sold, and because of the demands of 
equipment manufacturers for lowest costs. 
But these new consumer circuits are even 
intended to compete for sockets in the 
toughest markets of all—those for pocket 
radios and cassette recorders in the Orient. 

It's obvious that this places considerable 
demands on the American semiconductor 
manufacturer. The products must offer 
prices and performance comparable to 
those obtained from low-cost transistors. 
This creates quite a challenge to IC 
manufacturers who have been making 
parts mostly for industrial, computer and 
military equipment. However, U.S. manu-
facturers have considerable experience in 
the Far East. Most major producers have 
plants in Korea, Taiwan, Japan or Hong 
Kong. Motorola's plant in Seoul, Korea, for 
example, assembles transistors and IC's us-
ing completed silicon dice supplied from 
Phoenix, then ships the transistors back to 
Arizona for testing and quality control. And 
plastic transistors manufactured wholly in 
Phoenix compete aggressively in such penny-
conscious areas as Hong Kong. The highly 
efficient sophistication of mechanized as-
sembly can compete with wage costs far 
lower than in the U.S.A. 

The producers of plastic transistors at 
Motorola have applied the knowledge 
gained in producing hundreds of millions 
of devices to IC production. They are us-
ing the same efficient mass-production 
techniques and automated computer test-
ing used for transistors for making simple, 
easy-to-use IC's. Instead of 12 or 14 pins, 
these new IC's have only 4 to 8. The pins 
are widely spaced (0.16 inch) compared to 
conventional dual inline packages (DIPs) 
(0.10 inch) for non-critical circuit-board 
construction and assembly, yet the pack-
ages (fig. 1) are a fraction of the size of 
DIPs to save space (0.20 inch wide in-
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stead of 0.72 inch). 
A big advantage of these IC's is the sim-

ple external connections. Instead of mak-
ing the circuits from the exceptionally 
high-performance transistors necessary for 
very wideband service, the transistors are 
designed for specific uses—audio or mod-
erately low frequencies. Thus they don't 
need extensive compensation to prevent os-
cillation or for desired performance. 

0.118 

r° "5 asis 
0 030 

0O 0008 w SEATING 
*"l0° 0-Dli PLANE 

fig. 1. Case outline and drawing of the 
package used for the new MFC4000 and 
MFC4D10 consumer integrated circuits. 

Now let's take a look at two of the 
new circuits and some of their applica-
tions. 

audio amplifier 
The Motorola MFC4000 is a V-t-watt au-

dio amplifier requiring no transformers. 
That doesn't sound like much, but it's 
plenty for most ham applications. Remem-
ber that those high-power stereo amplifiers 
are generally designed for use with speak-

ers having low efficiency, and must be 
able to deliver extensive power at the low 
frequencies where our ears aren't very sen-
sitive. The average portable radio has an 
output of 'A watt or less, and is more 
than adequately loud over its restricted 
bandwidth: the communications bandwidth 
is (supposedly) even less. 

The MFC4000, which costs only $2.10 in 
small quantities, operates in class B, so 
idle current is low, typically only 4 mA. 
Harmonic distortion is low, too, typically 
under 1 % . 

The circuit of the MFC4000 is shown in 
fig. 2. The external test circuit the manu-
facturer uses is also shown. The IC uses 6 
transistors, 3 diodes and 5 resistors. The 
output is a quasi-complementary circuit 
consisting of two transistors (Q4 and Q6) 
driven by a complementary pair (Q3 and 
Q4). Resistors R4 and R5, with diodes D2 
and D3, set and stabilize the bias for the 
output stages. Transistor Q2 is a driver, 
while Q1 and its associated components 
maintain stable bias for the whole circuit. 

The external 250-^F capacitor furnishes 
blocking to prevent shorting the output and 
to keep dc out of the speaker. The 10-
kilohm resistor sets the dc bias and pro-
vides dc and ac negative feedback, reduc-
ing distortion and providing good thermal 
stability. The resistor-capacitor network in-
creases feedback at higher frequencies, 
shaping frequency response. 

The ,005-juF capacitor at the input stabi-

fig. 2. Circuit of MFC4Q00 V»-watt audio amplifier (A) and manufacturer's test circuit (B). 
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lizes the circuit at high frequencies and 
prevents reception of local a-m broadcast 
stations and stray electrostatic fields. The 
series input resistor is not needed with 
moderately high impedance signal sources. 

This circuit works well. With a 9-V sup-
ply, it requires a maximum of 15 mV in-
put for 50-mW out. Typical output power 
at 10% total harmonic distortion is 350 
mW. At more usual output levels (50 mW), 
distortion is only 0.7%. Maximum power 
supply voltage is 12 V. 

A few words about mounting the 
MFC4000: no sockets seem to be avail-
able, but none are really necessary. Its 
pins fit perfectly in Vectorboard pattern F. 
Small rivets provide simple soldering, or 
the old wrap-around technique is satisfac-
tory. However, some means of dissipating 
heat is necessary for full output. The maxi-
mum power dissipation is 1 watt at 25° 
(ambient temperature) and should be de-
rated 10 mW/°C above 25° C. For bread-
boarding, I attached an alligator clip di-
rectly to pin 1 (ground) since most of the 
heat is transmitted through this pin, and 
the package stayed cool. A better ap-
proach would be to use a copperclad cir-
cuit board with as much copper area as 
possible within a couple of inches of pin 1. 

Another circuit using the MFC4000 is 
shown in fig. 3. Here an inexpensive tran-
sistor, the MPSA70, has been added for 
high amplification. The feedback resistor 
has been modified for best results, and 
the compensation and series capac-
itors chosen for the limited bandwidth de-

sirable in communications equipment. If 
you want to widen the bandpass for use in 
music, increase the input and output ca-

fig. 3. High-gain amplifier with bandwidth re-
stricted for communications applications. 

pacitors, and the 30-/iF parallel feedback 
capacitor, and reduce the size of the 0.22-
^F capacitor. 

wideband amplifier 
The Motorola MFC4010 is a wideband 

amplifier, or gain block, designed for gen-
eral audio or i-f applications up to 500 
kHz or so. It is a simple, three-transistor 
circuit providing a minimum of 60 dB gain, 
and is useful for saving space and 
components in many applications. The 
MFC4010, which costs about $1.85, uses the 

fig. 4. Circuit of the MFC4010 gain block (A) and test circuit (B). The 120k feedback resistor is relatively 
critical; the value shown is for 6 V operation. 

e © 
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same small 4-pin package as the MFC4000 

( f i g . D . 
The internal schematic of the MFC4010 

is shown in fig. 4 with its test circuit. As 
you can see, few external components are 
required to provide high amplification, 

-i+ev 

<1.8 » 

<t>F INPUT 

•m m 

can be fed to a controlled dual-gate mosfet 
for audio compression. 

Another interesting application of the 
MFC4010 is shown in fig. 6. This is a com-
plete 455-kHz i-f strip using ceramic trans-
filters and voltage-doubling detection, tt 

IN2S3 

OUTPUT 
•O 

13V MAX 
— O 

o o 
f ig. 5. High-gain preampli f ier and rect i f ier for ssb age, vox or audio compression. 

typically 70 dB. Other parameters of in-
terest are maximum power supply voltage 
of 18 V, maximum power dissipation of 
0.5 W at 25° C ambient temperature, and 
typical current drain of 3 mA. Parameters 
at 1 kHz are hj^ of 1000 ohms (equivalent 
to h i t l of a simple transistor), hj^ (hre) of 
10-6, h2 1 (hfe) of 1000 and h 2 2 (hoe) of 10*5 
mho. 

Other circuits using the MFC4010 are 
shown in fig. 5 and 6. The high-gain audio 
amplifier in fig. 5 is suitable for use as a 
microphone preamplifier. As in fig. 3, ca-
pacitor values have been chosen for com-
munications applications. The ,005-mF in-
put capacitor is necessary to prevent de-
tection of close-by a-m broadcast stations. 
A simple voltage-doubling rectifier is also 
shown. This can be added to the amplifier 
for use in ssb age, or vox, or the output 

works well with a conventional front end. 
Age voltage is provided for controlling 
stages before the MFC4010. A dual-gate 
mosfet (MFE3006) would be ideal as a 
mixer or rf amplifier. The transfilters could 
be replaced by a mechanical or crystal 
filter, or by more conventional i-f trans-
formers. Don't forget to provide dc block-
ing for the input and output if you use a 
device without blocking (the transfilter ap-
pears as a capacitor). 

summary 
New consumer integrated circuits such as 

the Motorola MFC4000, and MFC4010 pro-
vide many possibilities for the ham ex-
perimenter and builder. They can be used 
to make compact equipment with excellent 
performance at low cost. 

ham radio 

f ig. 6. 455-kHz i - f 
ampli f ier using 
MFC4010. 
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improving the 

fm repeater transmitter 
for amateur use 

These simple modifications 

increase circuit Q 

and provide 

improved performance 

through lower 

receiver desensitization 
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A large number of amateur 144-MHz re-
peaters and remote-base stations make 
use of the Motorola PA-8491 60-wall high-
band transmitter. This transmitter is ideal-
ly suited for repeater use but a few sim-
ple modifications will greatly improve its 
operation. 

This transmitter, similar to others pro-
duced by Motorola and others, uses rela-
tively low-Q tuned circuits. The low-Q cir-
cuitry permits moving the transmitter fre-
quency a megahertz or more without 
retuning, and also permits replacement of 
oscillator and multiplier tubes with essen-
tially no retuning required. In amateur re-
peater service these advantages, however, 
are far overshadowed by the problems 
generated by the broad spectrum of noise 
that the lovv-Q circuits permit the trans-
mitler to emit. 

The "white noise" is the cause of most 
receiver desensitization in amateur re-
peaters, especially in close-spaced systems 
thai receive on 146.34 MHz and transmit 
on 146.76 or 146.94 MHz. The broad noise 
spectrum from the transmitter covers weak 
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signals on the receive frequency, causing 

the repeater receiver to be less sensitive 

with the repeater transmitter on than it is 

when the transmitter is off. This problem 

was covered very well by K5ZBA, 1 

This desensitization usually results in re-

peater " pump ing . " This occurs when the 

signal received at the repeater receiver is 

strong enough to actuate the repeater 

when the repeater transmitter is off, but is 

not strong enough to keep the repeater on 

when the repeater transmitter (and its 

white noise) is on. Under these conditions 

the repeater transmitter comes on, gen-

erates white noise that causes the repeater 

receiver to lose the incoming signal, and 

the repeater transmitter turns off. A s soon 

as the transmitter is off, the receiver again 

delects the incoming signal and the cycle 

repeats itself. 

fig. 1. Grass Valley repeater station, Wolf Mountain, 
California. This repeater covers most of the Sacra-
mento Valley. The uhf and vhf equipment is shown 
here; decoder equipment is in another cabinet. 

desensitization measurements 
Whi le preparing a repealer remote sta-

tion package for mountaintop installa-

lion, desensitization tests were made un-

der laboratory conditions. The 146.94 M H z 

transmitter was fed into a d u m m y load 

through a Bird Thruline wattmeter and ad-

justed for 60 watts output. A probe (such 

as the iso-tee') was coupled to the d u m m y 

load, through a 10-dB 50-ohm attenuator 

to a milliwatt meter; the probe was ad-

justed for 60 m W indicated on the milli-

waltmeter (this represents a 30 dB loss 

from the transmitter to the milliwatt 

meter). 

The connection from the 10-dB attenua-

tor to the milliwatt meter was then discon-

nected and connected instead to the re-

ceiver input through a precision zero-to-

50-dB 50-ohm attenuator. A signal genera-

tor was coupled through a 40-dB-loss 

probe into ihe line between the zero-to-50-

dB attenuator and an unmodif ied Moto r -

ola Sens icon A receiver. 

Receiver sensitivity was measured 

through the probe with the transmitter off; 

then the transmitter was keyed, and the 

zero-to-50-dB pad was adjusted to produce 

a loss in sensitivity of the receiver. This 

loss in sensitivity (desensitization) was 

measured as (he number of dB of signal 

power increase required to produce the 

same amount of quieting (20 dB was used 

for these tests) as when the transmitter 

was off. 

This measurement was performed with 

various amounts of transmitter power fed 

through the zero-to-50-dB attenuator into 

the receiver, thus simulating different 

amounts of antenna coupl ing loss; this 

loss is equal to the zero-to-50-dB attenua-

tor setting plus the 30-dB probe loss. 

It was initially determined that before 

we modif ied ihe repeater transmitter 79 

dB of coupl ing loss produced 3 dB of re-

ceiver desensitization. This is equivalent to 

more than 60 feet of vertical separation 

between dipole antennas for receive and 

transmit. After modify ing ihe transmitter, 

41 dB of coupl ing loss produced 3 dB of 

desensitization; this can be obtained with 

15 feet vertical separation between di-photos by WA6ESA 
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poles, and represents 38 dB improvement. 

Note that for these tests coupling from 
transmitter to receiver must be only thru 
the zero-to-50-dB aitenualor. Direct radia-
tion coupling must be incidental. This can 
be accomplished by separating the trans-
mitter from the receiver in the rack, and 
placing other equipment in between. 
Shielding was not found to be necessary. 

Transmitter modification consists of rais-
ing the circuit Q of the intermediate tuned 
circuits. This is done by adding capac-
itance across the tuned circuits in ques-
tion, and in one case by reducing the 
coupling between tuned circuits. It is pos-
sible to obtain a couple of dB of addi-
tional benefit by critical slight detuning 
of the transmitter tuned circuits, however, 
this added improvement is not generally 
worth the added difficulty of adjustment. 

transmitter modifications 
The necessary transmitter modifications 

are quite simple, and are shown in the 

accompanying photographs. 

A schematic diagram of the Motorola PA-8491 trans-
mitter (loss the filament circuit) is included on page 54 
of the " F M Schematic Digest" ; S3.95 from Two-Way 
Radio Engineers, Inc., Dept. BR, 1100 Tremont Street, 
Boston, Massachusetts 02120 

1. Install two high quality 10-pF tubular 
ceramic capacitors across transformer T1: 
one capacitor from the plate of V2 to 
ground, the other from the grid of V3 to 
ground. These new capacitors are shown 
in fig. 2. 

2. install high quality 5-pF tubular ce-

ramic capacitors across T2, L3 and L4 as 

follows: from the plate of V3 to ground, 

from the grid of V4 to ground, from the 

plate of V4 to ground, and from the grid 

of V5 to ground. 

fig. 3. This photo shows the B-pF air 
variable which is installed across the 
grids of the final amplifier. 

fig. 2. Bottom view of chassis, 
showing the added components. 

3. Install a 1-to-8-pF variable capacitor 
across the grids of the final amplifier. The 
E. F. Johnson 160-T04 capacitor shown in 
fig. 3 does an excellent job but any sim-
ilar air variable should work as well. This 
modification increases grid drive, improves 
efficiency, and raises the power output of 
the 82913 final. An insulated tool must be 
used for adjusting this capacitor. 

4. The coils at the plate of V4 and the 

grid of V5 (L3 and L4) are overcoupled, 

thus lowering the effective Q of this inter-

stage network. Decouple these coils by 

mounting a small copper tab between 

them (fig. 4). Adjust the size of the lab so 

that after retuning, the driver grid drive 

is slightly less than before; an indicated 

drop of one microampere as measured at 

test position 5 should be about optimum. 

You will notice that the coils tune sharper 
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as you decouple them; this is an indica-
tion of increased circuit Q. 

results 
At our installation, we measure 64 dB 

of coupling loss between two three-elemenl 
Yagis spaced 18 feet vertically on our 
tower. This is an acceptable figure for the 
modified transmitter. The top antenna is 
used for transmit on 146.94, and the bot-
tom antenna for receive on 146.34 MHz. 
A 146.94 MHz receiver is also connected 
through the transmitter antenna relay to 

fig. 4. The decoupling lab between 
coils L3 and L4 increases circuit Q. 

the upper antenna. Both 146.94 and 146.34 
are retransmitted as received to the con-
trol stations on the 440 MHz "down chan-
nel". No cavities are used in either the 
transmitter or receiver feedlines. With a 
weak signal (15 dB of quieting—about 0.3 
microvolt) being received on 146.34, no 
change in limiter current or in quieting is 
noted by switching the 146.94 MHz trans-
mitter on and off. 

One note of caution, however; the swr 
must be low on both antenna feedlines. 
When the swr is high, the feedlines be-
come part of the antenna, and since the 
feedlines usually run parallel to each oth-
er, the coupling loss between antennas is 
lowered. 

measuring coupling loss 
It is a good idea to measure the cou-

pling loss between antennas to determine 
if it is adequate. The coupling loss be-
tween the two antennas may be measured 
by first connecting the signal generator (on 
146.34 MHz) through a 6- to 10-dB at-
tenuator to the 146.94-MHz antenna. Con-
nect the 146.34-MHz antenna through a 
6- lo 10-dB attenuator to the 146,34-MHz 
receiver. Adjust the signal generator for a 
reference limiter current reading in the re-
ceiver. Now disconnect the attenuators 
from the antennas, and connect the at-
tenuators to each other. The signal gen-
erator is then connected through two at-
tenuators to the receiver. Reduce the gen-
erator attenuator loss until the reference 
limiter reading is again obtained. The dif-
ference in attenuator settings on the sig-
nal generator is the coupling loss. 

reference 
1. J. A. Murphy, K5ZBA, "Receiving System Degrada-
tion in I'M Repeaters," lum radio, May, 1968, p. 36. 

ham radio 
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"Either the skip is open to California 
or the whole damn country's on fire!" 
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construction of 
high-frequency 

diversity antennas 

Complete details 
on building 

new antenna designs 
described previously 

in 
ham radio 
magazine 
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Four antennas of novel design and unusual 
characteristics have been described in ham 
radio.1 Performance data and a brief descrip-
tion of physical arrangements and switching 
circuits were given. This article presents con-
struction details on these antennas and their 
related components. Some observations are 
also given on how to get the best perfor-
mance from the designs. My recommenda-
tions on feeder and element balance, as well 
as tuner and switching details, should be fol-
lowed closely if you wish to duplicate the 
performance I've obtained. 

Before deciding whether to build one of 
these antennas, it might be helpful to con-
sider some of their important aspects. Initial 
cost is fairly high, but once installed and 
tuned, maintenance is no problem. My 
space-dimensional antenna has been per-
forming well for several seasons with no at-
tention. 

Another thing to consider is that while 
these are not beam antennas they raise DX 
very well. An additional redeeming feature 
that justifies the initial investment is their ex-
cellent response to short-period selective 
fading. This is accomplished by a switching 
system that permits instantaneous pattern 
changes. 

bonadio designs 
The four antenna designs are the square 

diagonal, fig. 1; the box diagonal, fig. 2; the 
cube diagonal, fig. 3, which performs simi-
larly to the box diagonal; and the space-di-
mensional antenna, fig. 4. 
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fig. 1. Tha Bonadio square-dlngonrl antenna 
and tuner. All elements must be the same 
length. CI is at high rf voltage and must be 
well insulated. 

characteristics 
A glance at ihe diagrams shows many 

common parameters. The most imporlant is 
the symmelrical relationship between ele-
ment length, element spacing, support spac-
ing, and angular element separation. The 
tuner system is the same lor antennas. The 
coax link is series tuned above 10 MHz 
and parallel tuned for lower frequencies. 

Compass directions are shown for antenna 
orientation. NU, NL represent north upper 
element, north lower element, etc. For the 
cube diagonal, elements must be spaced so 
that NU NL = NU EU = EU SU, etc. Angular 
separation of the cube diagonal elements is 
70.5 degrees. While an excellent performer, 
the cube diagonal requires a rather complex 
switching system, and its nulls and general 
performance are eclipsed by the space-di-
mensional antenna. As with the other de-
signs, symnieiry and balance are a must in 
the space dimensional to obtain the deep 
nulls and optimum standing wave ratio over 

Space dimensional antenna used in tests. It uses mo-
bile mounts lor elements, which are 9-foot whips 
whose ends are socured with 60-pound nylon fish line. 
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fig. 2. The Bonadio box-diagonal 
antenna and tuner. All elements 
must be the same length and spac-
ing between elements must be 
identical. 

its bandwidth. All angles for the space di-
mensional are 90 and 180 degrees, and all 
elements are the same length. 

Another parameter common to Bonadio 
antennas is feed-point impedance. It is close 
to 200 ohms for very short wavelengths, with 
a small reactance component. The imped-
ance varies in a cyclic fashion as wavelength 
increases. This is discussed in the descrip-
tion of antenna matching and transmission 
line design. 

obtaining comparative data 
To analyze the characteristics of these de-

signs, you should have a control or com-
parison antenna. The best comparison an-
tenna is the one you've been using. Don't 
worry about interaction between systems. 
There will be enough difference in reports 
between systems to provide valid data. The 
idea is to obtain as much quantitative data 

as possible over a given time period, because 
the larger the sample data size, the more 
realistic will be the final analysis. You won't 
need a computer to influence your opinion, 
nor will you have to rely on qualitative state-
ments of others who might be using the 
same system. A large quantity of signal re-
ports will convince you. 

making a choice 
Consider your antenna space. It can be 

anything from your bedroom ceiling to the 
back 40 acres. Study the types of supports 
needed for each of the four antennas. If you 
plan on three tall and three short flagpoles, 
for example, you're aiming at a terrific an-
tenna, but a terrific cost for supports. Per-
haps by relocating and redesigning your in-
stallation, you can borrow some buildings or 
other towers and trees. If you have the 
space, guyed towers are relatively inexpen-
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fig. 3. The Bonadio cube-diagonal an-
tenna. Performance is similar to the box 
diagonal, but switching system is much 
more complex. 

sive. Guy wires should be broken every 
twelve feet with strain insulators to avoid 
pattern discontinuities. Self-supporting tow-
ers are nice, but they cost a lot and require 
concrete bases. Flagpoles bear investigating* 

some definitions 
Before starting construction, it's necessary 

to calculate the wavelength representing the 
lowest frequency at which an antenna of a 
given size will perform at full efficiency. The 
natural wavelength of an antenna will be 
termed Xn. A wavelength that corresponds to 
Au plus 50 percent is called XL—the longest 

' John E. Lingo & Son, "B" Division, 28th Street anil 
Buren Avenue, Camden 5, New Jersey. 

available wavelength at top efficiency. This is 
a parameter on which all Bonadio antennas 
are based and is extremely important. Here's 
how it is determined. 

The X L of a square diagonal antenna is 
the distance around the perimeter of the 
square (which is its \n) plus 50 percent (fig. 
5). 

The \ L for either the box diagonal or 
cube diagonal is the distance around three 
sides of the top of the box or cube, then 
down both the two attached sides of the box 
or cube, then across the bottom connecting 
edge (this is its Xn) plus 50 percent (fig. 6). 

The space dimensional antenna's X L is 
equal to the total length of its six elements; 
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fig. 4. The space-dimensional antenna. Geometry and balance requirements are the same as for the other an-
tennas, but performance is better. Three horizontal radiation patterns from this antenna are shown in fig. 11. 

its X n is equal to the total length of any four 
of the six elements. If any of these antennas 
are driven with waves which are longer than 
its X L , it will still operate, but with less 
efficiency, about —6 dB per octave. 

size losses 
T o determine the falloff of signal strength 

with antenna size, I compared a box diag-
onal with a space dimensional. The box di-
agonal antenna used 60-foot elements of 
number 8 aluminum wire, and the space di-
mensional had 10-foot elements and number 
4 copper-wire feeders. These antennas, 
which were instantly switchable, were at a 

fig. 5. Resonant wavelength of square-diagonal an-
tenna equals NE + ES + SW + NW. 

conveniently low height of 22 feet above 
ground at their centers. 

O n 20 meters, the antennas performed es-
sentially the same (fig. 7). The space dimen-
sional, with an Xn of 23 MHz and X L of 15 
MHz, was better on 15 meters and 10 me-
ters. However, as expected, it fell off on 40, 
80 and 160. O n 160 meters, some of this loss 
was due to an outboard loading coil (num-
ber 16 silver-plated wire) that ran very warm. 
The larger antenna being used as a standard 
also fell off, since it was operating beyond 
X L . Also, as expected, the larger antenna ex-
hibited a slightly smaller range of fading 
depth. 

WU NU 

fig. 6. Resonant wavelength of box-diagonal antenna 
equals NU EU + EU SU + SU SL + S L WL + WL 
WU + WU NU. 
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Lay out your four, six, or eight elements 
side-by-side. Cut them all the same length. 
Connect them to their insulators using the 
same ties and the same length of wire. This 
balance is most important. An unbalance 
here will change your swr during pattern 
switching, because your elements will pre-
sent different impedances to the feeders. On 
a box diagonal, the angular separation of 
elements must be identical. An error of 5 
degrees will unbalance the system. 

er than 66 feet, your near-in hop on 10 me-
ters begins to suffer. A little higher, and near-
in hop is reduced on 15 meters; when you 
go still higher, it is reduced on 20 meters. 
When your average, or center, elevation is 
below 60 feet, every few feet means a great-
er loss than the last few feet. You can't af-
ford to operate below 16 feet for sheer pow-
er waste. Neither can you afford to spend 
money for a little better DX by increasing 
height to 100 feet. 

Uj 
fig. 7. Comparison of & 
two antennas; reference 
antenna at zero dB. 
Spread varies from ap-
proximately equal per-
formance on 20 meters to 
about 40 dB difference on 
160 meters. 

wire sizes 
All calculations I've seen on wire skin 

losses show that antenna elements or feeders 
smaller than pipe sizes will cause significant 
losses. There is, however, a diminishing re-
turn. I compromised on number 8 aluminum 
wire for elements and feeders on my larger 
antennas. On the small space dimensional 
(used in the tests above) I deliberately ex-
tended the number 4 wire feeders to 100 
feet to eliminate loading coils through 80 
meters. However, number 12 aluminum wire 
(used for tv grounding) should be satisfac-
tory. 

elevation 
The advantages of elevation are greater for 

DX than for near-in hop. When you go high-

The feeder wire size should be consistent 
with element size. Commercial 200-ohm 
line is available from Federal Wire Company. 
However, I can't recommend it for these an-
tennas except for low power. 

J used a pair of 93-ohm RG-62/U coax 
cables, taped together, to feed relays without 
chokes, fig. 8. I found it too wasteful for all-
band use; that is, for longer than 1/5 X L . 
The impedance is 186 ohms. 

relays 
There are no ideal switching relays for 

these antennas. You must use your ingenuity. 
I used up several Potter and Brumfield KT 
antenna switching relays whose insulation 
broke down from excess voltage at wave-
lengths beyond X L . My 140 watts of a-m de-
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manded a larger relay, the Kurman 252C. 
This relay operated satisfactorily through rain 
and snow with the weather hood lost for 
two winters. 

The Jennings Radio Company voluntarily 
furnished me with two engineering samples 
of their vacuum relays. These relays required 
no service after two more winters, but the 
amateur net price is over $200 per pair. They 
can switch any amateur power safely, even 
while transmitting. 

The circuits I finally used are shown in 
figs. 1, 2, 3 and 4. For the cube diagonal, I 
have a Ledex number 250-124-256 relay that 
can handle only enough power for testing 
purposes. 

The switching system for the space dimen-
sional antenna, fig. 4, puts the coils of re-
lays 1, 3 and 2, 4 in parallel. The upper an-
tenna elements, ABC, are opposite the lower 
elements, DEF, in that order. A three-wire 
line is used for relay control. The rf chokes 

fig. 8. Combination 1B6-ohm feeders 
and relay power line. This system is only 
suitable for very low power. 

M-SI/U 

RG-SZ/U 

shown in the photo of the open control box 
are in the power leads to the relays. Plastic 
sleeving is used over leads between chokes 
and coils. These chokes prevent rf from arc-
ing across relay coil leads. The chokes are 
10 mi l each. Note particularly the physical 
arrangement of the relays. 

relay power 
It is possible to power the relays with 120 

Vac, but this generates noise. I've used it 
through my feeders; however, on dewy 
mornings there was an S3 power-leak noise 
in the receiver when the relays were ener-
gized. Conversion to 120 Vdc corrected this. 
A word of caution: don't use powdered iron 
core rf chokes. One of mine became red 
hot with only 100 watts input. Bypass the re-

lay coil with an 0.01 /xF ceramic capacitor to 
be safe. The open-wire switching system is 
shown in fig. 9. Accidental short circuits 
can damage a choke, because the power 
supply fuse won't blow. The circuit shown 
isn't practical for short feeders. 

For my compact space-dimensional anten-
na, I used a three-wire cable to switch the 
four anlenna patterns shown in fig. 7: hori-
zontal "I, horizontal 2, horizontal 3 and ver-
tical. Relay switching logic for the patterns 
is shown in fig. 4. 

feeder construction 
The open-wire 200-ohm line uses Reynolds 

Metal Company type 2B tv insulators, fig. 10. 
Protected line requires insulators every two 
feet; swaying line needs them every six 
inches minimum. Thread the insulators half 
way down the line from each end, using 
mineral oil lubricant if necessary; then 
space them appropriately. If the line is an-
chored every four feet, insulator spacing can 
be tripled. Losses are so low that a thousand 
feet can be used. 

matching system 
The feed point of these antennas, on the 

very short wavelengths, looks close to 200 
ohms and has very little reactance. However, 
as the wavelength increases to \ n the im-
pedance may reach 20 ohms after passing 
points of over 1,000 ohms. On wavelengths 

Control box for space dimensional antenna. The rf 
chokes prevent rf from arcing to relay coils and leads. 
Three-wire power cable enters box at lower right. 
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longer than XL , the impedance may fall to 
less than one ohm, and the capacitive reac-
tance may reach hundreds of ohms. Mean-
while, the standing wave ratio can exceed 
200:1 on the balanced feeders, while main-
taining 1:1 on the unbalanced coax. 

An open-wire line of 160 to 250 ohms im-
pedance is optimum. The modest mismatches 
of the transmission line will probably pro-
duce more feeder-created reactance at the 
tuner feed point than the antenna displays 
alone, at anything shorter than XL . These 
broadbanded, low-Q low-reactance combi-
nations are much easier to manage than the 
common center-fed open-wire feeder anten-
na systems. 

tuners 
To deliver all of your available power into 

feeders, you should use the tuner circuits I 
have shown, figs. 1 and 2. With these tuners 
you can always tune and load through a 
standing wave ratio of 1:1. With other tuners 
you can hit a standing wave ratio of 1:1 
quite often and keep a cool tuner, but on 
some frequencies your tuner will not deliver 
much of the power to your antennas. 

Don't use the tuner of Handbook X, or 
Handbook Y, or manufacturer Z, and then 
condemn the antenna as "not especially 
good." 

fig. 9. Providing relay power through the open-wire 
transmission line. Iron-core chokes should be avoid-
ed; power is limited to 250 watts. 

MTSNNt 

tuner values 
Table 1 gives optimum tuner values for a 

200-ohm resistive load. If X L is much greater 
than optimum for the bands shown, the val-
ues will still be good for the larger antennas. 
However, you may have to change the values 
somewhat with the smaller versions as you 
approach \ L . At wavelengths much longer 
than XL , variations from values for LI, L3 
and C1 may be large. The link values should 
be as shown. They are designed for 52-ohm 
coaxial cable. 

A surprise benefit of these tuners is the 
small air-gap sizes of the capacitors. The 

fig. 10. 200-ohm open-wire transmission line using 
Reynolds Metal Company's type 2B tv line insulators. 
If suspended in space, a spreader is required every 
six inches for number 8 wire; every 12 inches for num-
ber 4 wire. 

parallel- and series-tuned links must safely 
handle rf peaks of 350 and 1000 volts, re-
spectively, for full legal power. 

Antenna tuning capacitors with a 3000-
volt rf peak rating will safely handle full legal 
power. However, on some bands this re-
quirement will increase to 8000 volts for a 
kilowatt. 

The tuner-bandswitching apparatus shown 
in the photo has given me no trouble over 
the past years. I used a speaker box for 
an enclosure. An attempt has been made to 
keep the impedance constant by using braid 
paths equal to the center path of the coax. 
The coils are made of silver-plated copper 
wire. Intercoupling is insignificant, because 
coil resonant frequencies are well separated. 

You'll find that a gang switch is more de-
sirable than conventional tuner circuits. 
You'll have optimum tuning, coupling, and 
loading control at the flick of a switch. As 
the tuner is broader than a tank circuit, you 
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can listen across an entire band without re-
tuning. Because the system is double tuned, 
images are down 30 to 60 dB; generally to 
extinction. Also, you can load your transmit-
ter quickly anywhere near the last operating 
frequency on each band. 

loading 
If a tuner resonates but refuses to load at 

maximum coupling, there are several cures. 
You can reduce the clearance for L2, be-
tween L1 and L3; increase the number of 
turns equally on L1 and L3, and reduce the 
capacitance of C I accordingly; or reduce the 
lengths of LI and L3 by using the next smal-
ler wire size to obtain slightly more in-
ductance. 

Proper coupling occurs when the swr 
passes through 1 :"l with the link between 
one-half and fully in. If the swr goes through 
1:1 before the link is one-half in, then L1 and 
L3 have too many turns, and C1 may arc 
over. 

You can wind the links of number 8 solid 
copper wire, or 1/8-inch tubing (both silver 
plated, if possible), over a two-inch-diameter 
bottle. Space the turns about one-half con-
ductor diameter. The links swing between 
the antenna coils, which are made of num-
ber 14,16 and 18 wire.2 

The fixed padder-type capacitors are Arco-
El Menco series 30.* In parallel-tuned circuits 
these will handle 140 watts of a-m power. 
With series tuning, however, this amount of 
power can cause corona discharge. You can 
slack these capacitors, using two layers of 

•Allied Electronics 43A7093 through 43A7106 for 2 
through 15 plates (130 through 3055 pFj. 

The tunar-bandswitching apparatus. All coils are 
silver-plated. Tuner mounts in a speaker enclosure. 

mica in place of one. For power up to a 
kilowatt, double the layers of mica. This low-
ers the capacity, which requires more plates 
or additional capacitors. Caution: don't use 
ceramic or moulded micas; they've been 
known to fail. 

fink tuning 
Each link is for one band only. At any fre-

quency in the band, the link will present an 
insignificant reactance to the mutual cou-
pling complex. Operating Q of the links is 
about three. 

table 1. Component values lor antennn tuners shown in fig. 1, 2, 3 and 4. L2-C2 is parallel tuned on 160, 80 and 
40 meters, and series tuned on 10, 15 and 20. 

amateur L1 C I L3 L2 C2 
band 0'H) 

Q. 0»H) <MH) 

C 

160 80 32 -160 80 1.6 4700 

80 40 16 - 80 40 0.8 2400 

40 20 a • 40 20 0.4 1200 

20 10 4 - 20 10 1.6 68 

15 7.5 3 - 15 7.5 1.2 47 

10 5 2 - 10 5 0.8 33 

6 3 1.2- 6 3 0.5 22 

2 1 0.4- 2 1 0.16 6.8 
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Grid dip the links with the coil and capac-
itor in parallel. For final trimming, the link 
will indicate a dip when placed at least four 
inches from the grid dip meter's coil. There-
after, the series links are opened on one side, 
and the coax is fed between them. The pad-
der capacitors are never adjusted again. 

To check for balanced operation, tune the 
receiver to a strong signal on each band. 
Short circuit the feeders while watching your 
s-meter. Signals should drop 30 to 60 dB. A 
drop of less than 20 dB indicates poor bal-
ance, which should be investigated. 

Full-sized Bonadio antennas have low Q. 
When changing frequency you'll have to re-
tune your final amplifier three times as often 
as your antenna tuner. However, if you use 

ble disappeared with an H-pattern null to 
the north. Later the same day, the BBC sig-
nal's flutter smoothed with an H-pattern null 
to the south of their normal path. 

fading 
The greater the DX, the greater will be the 

pattern change differential. On near-in hop, 
differences are mostly washed out by fading 
of the received signal, even though your 
contact tells you your signal has almost no 
fade. 

You'll find that the control of fading sig-
nals is a matter of switching your patterns. 
If the received signal fades on pattern H1, 
immediately switch to pattern H2. When the 
H2 signal starts to fade, go back to H1, H3 

fig. 11. Horizontal radia-
tion patterns for the space-
dimensional antenna, Ele- / 
ment switching for each of j 
these patterns is shown in ^ 
fig. 4. 

HORIZONTAL I HORIZONTAL 2 HORIZONTAL 3 

an antenna whose wavelength is longer than 
its X L you'll have to retune the antenna 
tuner more often. 

patterns 
The horizontal radiation patterns for the 

four- and eight-element systems are shown 
in fig. 11. For many of the shorter skip paths, 
the nulls will be —10 dB or less when signals 
are coming in at high angles. Occasional in-
stantaneous fading differences will exceed 
- 3 0 dB. 

For the space dimensional, the patterns for 
H1, H2 and H3 are all 60-degree overlap-
ping figure 8's. Line noise is most pro-
nounced with the vertical pattern. Often one 
H pattern will decrease line noise by 20 or 
30 dB. One day the BBC 21.47 MHz echo gar-

The Bonadio square-diagonal antenna is protected by 
U. s. Patent 3,274,606. Patents are pending on the 
Bonadio box-diagonal and cube-diagonal antennas; 
the inventor has applied for a patent on the space-
dimensionat antenna. This protects the inventor 
against commercial infringement but does not prevent 
an amateur from building one for his own use. Editor 

or V. This is diversity reception on a one-
antenna system. 

You'll receive fewer reports of fading than 
other stations. This will be most apparent 
during round-table contacts, because the dif-
ference will be more conspicuous. If the re-
ceived signal is also from a Bonadio antenna, 
selective fading will be the least of your 
problems. You have to experience it to be-
lieve it. 

As you might expect, for DX the vertical 
pattern usually is equal to or better than the 
best horizontal pattern. However, in receiv-
ing, certain interferences may be reduced by 
one of the H pattern nulls, so you may find 
an H pattern preferable. The V pattern is 
helpful for quickly finding which area of DX 
is coming through best. 

references 
t . George A. H. Bonadio, " A Survey of High-Frequency 
Antennas," ham radio, Apr i l , 1969, p. 28. 
2. I l lumitronic Engineering Corp. , 680 East Taylor 
Avenue, Sunnyvale, California. Section 1800, eem fi le, 

p 6 7 ham radio 
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solid-state exciter 
for 

432 MHz 

Here's a 

solid-state exciter 

that converts 20 mW 

of two-meter drive 

to 22 watts 

on 32 MHz 
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In twenty-one years of operation on 432 
MHz I've had nine different vacuum-tube ex-
citers, usually driving one or more 4X150A's. 
The latest of these, veteran of three winning 
mountain-top contest operations, is an ex-
cellent example; it uses a 6AN8, 5763, two 
6360's and a 4X150. Heater power is 33 watts 
and it requires 100 watts dc on transmit. 

Presently I'm using a solid-state exciter 
(fig. 1). If it were directly crystal-controlled 
it would use six or seven transistors plus a 
varactor. Dc input power is 50 watts on 
transmit and it has enough output to do the 
same job the tube exciter did. Including vfo 
and power supply, it takes 5V4 inches of 
rack space. 

vhf power stage 
Before getting into any further details, lets 

talk about the typical vhf power-amplifier 
stage shown in fig. 2. It uses a 2N3375 oper-
ating class-C at about 144 MHz. Drive power 
is about one watt and output is about six 
watts, with a 24-volt supply (at twelve volts 
the power gain and power output wi l l be 
about half). 

The 2N3375, the most common of the 
overlay transistors, can be thought of as 144 
type 2N706's in parallel, all assembled on a 
chip 1/16-inch square, with the correspond-
ing elements hooked together by a network 
of evaporated-aluminum bus bars in the us-
ual integrated-circuit manner. The collector, 
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the body of the chip, is gold-soldered on 
top of a beryllium-oxide wafer which is sol-
dered to the copper stud for cooling. With 
a coral-colored aluminum-oxide top insula-
tor and gold-plated metal parts, it looks like 
a piece of costume jewelry. 

The base is fed from a low-impedance 
source. There should be an effective short 
circuit for harmonics of the drive frequency 
so that the base current can flow in short 
pulses. Capacitor C3, which accomplishes 

needed 35 ohms. Capacitor C5 should have 
a reactance at mid-range of about 60 ohms 
and L4 around 200 ohms at the operating 
frequency for a Q of 5 or 6. 

When things are working right the load 
line will be approximately as shown in fig. 3. 
If the transmission line breaks or shorts at 
exactly the right spot, the load could be-
come a dead short {as viewed from the col-
lector) and the chip will melt in the time it 
takes twenty or thirty watts to heat 0.00004 

24 V, 150mA 24 V, BOOml1 W I* 
12V, 6OmA 

fig. 1. Block diagram of the solid-state 432-MHz exciter. 

this, reduces the dc drain without affecting 
power output; it's handy to make it variable. 
The input impedance is 10 ohms or so in 
series with a bit of lead inductance. 

To get power out with less than 24 volts 
peak swing, we need a load around 35 ohms. 
Coil L3 resonates with the transistor output 
capacitance, which will be about twice the 
rated Cob value under full power (remember 
that capacitance changes non linearly with 
collector voltage). The Q of this resonant 
circuit is around one, so the value of L3 is 
not very critical. Also, the collector voltage 
waveform will not be sinusoidal, but rather 
more like an unsymmetrical square wave. 
Harmonic rejection is provided by the ser-
ies-resonant circuit L4-C4 while C5 is used 
to transform the 50-ohm load down to the 

cubic inch of silicon four hundred degrees. 
A protective circuit to avoid this conse-
quence is shown as part of fig. 4. ft was sug-
gested by K1BRO and is similar to one found 
in the RCA transistor handbook.1 

The choke in the base circuit, L2, should 
be low-Q. I used a three-turn toroid wound 
on a ferrite bead, but several inches of fine 
wire wound around a 150-ohm resistor will 
also do the job (the resistor is in parallel 
with the choke, parasitic-suppressor style). 

The feedthrough capacitor, electrolytic ca-
pacitor and 0.47-ohm wirewound resistor (or 
ferrite bead) are also important. The elec-
trolytic should be solid-tantalum type, al-
though ceramic or extended-foil paper capa-
citors as low as 0.05 fiF would probably be 
adequate. 

fig. 2. Typical class-C 
vhf power amplifier 
stage. 
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8 turns no. 24 enamelled, 0,2" diam-
eter, 0.2" long, tunes to 144 MHz with 
4.5 pF 

Small loroid slipped over line to coax 
connector; 1 turn for pickup (Ferrox-
cube 213T060 in 4C4, 1Z2 or 1Z3 ma-
terial, or Ferramic Ot-3) 

3 turns no. 26 through a ferrite bead 
such as 3B7 shielding bead 

fig. 4. Three-stage 144-MHz amplifier provides 13 watts output with 20 milliwatts drive. The built-in vswr detec-
tor protects the final transistor stage against serious mismatches. 

KEY MYa—| 

m fb 

L1 

L2, L3 

L4, L5 

L6 

IFHOM-l 

4 turns no. 20, 0.2" diameter L7, L8 

5 turns no. 20 enamelled, 0.2" diam-
eter; tunes to 144 MHz with 8 pF; L2 
tapped at 2 turns from cold end j f 

8 turns no. 24 enamelled, 0.2" diam-
eter, 0.2" long; tunes to 144 MHz with 
4.5 pF 

8 turns no. 24 enamelled on a 1/4-W RFC 
100k resistor 

Emitter grounding is a major problem; the 
stripline package brings out two leads at 180 
degrees. Any emitter inductance is too 
much. A sixteenth of an inch wili give an 
ohm of inductive reactance at two meters, 
enough to seriously affect gain or possibly 
result in parasitics. 

two-meter amplifier 
The three-stage 144-MHz amplifier is 

shown in fig. 4. The first amplifier, Q1, is 
operated class AB to get more power gain. 
The 2N3866 is very "hot " and tended to have 
parasitic oscillations; there are several addi-
tions to the circuit which were put in to 
tame these parasitics. A 2N3375 was used 
for Q2 because it fit my layout better than 
the less costly 2N3553 (for salvaged ones, 
the price was the same); it provides about 

fig. 3. Load lines for rf power amplifiers. 
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L3 
144 MHz 

C4 

C6 

C7, C9 

L1 

10-pF miniature variable (Hammarltmd 
MAC-10) 

leads of no. 26 insulated wire, twisted 13 
together tor 2 turns 

13-pF subminiature variable (E. F. L4 
Johnson 189-6) 

9-pF subminiature variable (E. F. L5 
Johnson 189-6) 

S-pF miniature variable (Hammarlund L6 
MAC-S) 

9 turns no. 18, 3/8" diameter, 1/2" L7 
long; tap at 2-1/2 turns 

7 turns no. 18, 3/8" diameter, 1/2" 
long 

4 turns no. 22, 1/4" diameter, 5/16" 
long; tune cold to 144 MHi 

4 turns no. 18, 1/4" diameter, 3/16" 
long 

1-1/2 turns no. 22, 1/4" diameter; 
tune cold to 288 MHz 

2 turns no. 20, 1/4" diameter, 1/8" 
long 

3 turns no. 20, 1/4" diameter, 1/4" 
long; tap at 1-1/2 turns 

fig. S. Varactor circuit for tripling from 144 to 432 MHz. 

fig. 6. The 22-watt 432-MHz power am-
plifier uses printed-circuit stripline in-
ductors; material is 1/16-inch copper-
clad Telite. The rfc in the base consists 
of 2 inches of wire airwound with an 
8-32 screw as a form. 

S.9JIF BEAD 
™—O +3»V 

-t Jh 

two watts output. The protective reflected-
power circuit is hooked into its emitter. 

Transistor Q3 was originally a 2N3375, but 
after blowing a couple I put in the larger 
2N3733 at the same time I added the re-
flected-power control circuit. I guess either 
change would have been enough. The 
2N3375, working hard, gave ten watts at 
slightly better efficiency than the 2N3733, 
which puts out twelve or thirteen watts. 
When tuning up at high specific power, turn 
the collector voltage on and bring the drive 
up gradually. Time constants can be set up 
to do that each time things are turned on. 

When the reflected-power detector is 
working properly, the back power (as indi-
cated on a good wattmeter) goes up to one 
watt and holds as the forward power is re-
duced to one watt with complete reflection. 
This means that a varactor multiplier may be 
tuned up with only an output power moni-
tor (provided it's tuned to 432 and ignores 
144-, 288- and 576-MHz energy). When 
tweaking five to seven adjustments it helps 
out if you don't have to watch the in-
put matching at the same time. And if that 
last touch pops it out of tune, the drive 
transistor is protected. I first used the varac-
tor tripler described in QST2. Then I built a 
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Char ts , d raw ings and photos for your Quad. Full 
comp le te data on homemade Quad antennas. 
The new X-Q Quad. $3.95 
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$3.75 
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TUBES by Robert Sutherland, W6UOV 
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on the use of power tubes. Be sure to read th is 
before you s ta r t work on your new l inear. 

Only $3.95 
BEAM ANTENNA HANDBOOK by Will iam Orr, 

W6SAI 
New edi t ion. Theory, des ign, cons t ruc t ion , and the 
ins ta l la t ion of rotary beam antennas! SWR data! 
Mu l t i -band beams, 40 meter beams, 20 meter DX 
beams! How to make your beam work ! 200 pages. 

$3.95 
NOVICE & TECHNICIAN HANDBOOK by~W6SAI 

and W6TNS 
All about a m a t e u r radio in non- technica l language! 
How to learn the code. How to assemble your 
ham sta t ion. T ransmi t te rs ! Receivers! DX! How to 
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k i t -bu i lders and your best key to bet ter per form-
ance of your equ ipment ! $2.95 
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similar one in a smaller box to fit the space 
available. The circuit is shown in fig. 5. 

432 amplifier 
The six or seven watts of 432-MHz output 

from the varactor is applied to a stripline 
amplifier (fig. 6) built according to informa-
tion provided on the RCA-TA7344 data 
sheet3. The transistor I am using.is a Fair-
child developmental unit (TBL0504) rated 
for 25 watts output at 400 MHz wi th a 28-
volt supply. I'm getting 22 watts at 432 MHz 
with a 24-voIt supply. Other suitable types 
are the 2N5177 (TRW), MM1551 (Motorola), 
or TA7344, 2N5016 and now extinct 2N5017 
(RCA). I am not using any mismatch pro-
tection in this stage at present.* 

conclusion 
So far, we have a carrier source. This 

might be used to drive a high-level mixer 
for sideband operation; it wi l l work by itself 
on cw (a keyer is shown) or for a-m we can 
modulate the final 4X150. I don't think that 
a satisfactory linear sideband amplifier chain 
can be made to the ten-watt level wi th pres-
ent transistors because of problems with 
linearity and thermal runaway, but devices to 
solve these problems wil l be on the market 
in a year or two. 

For a-m operation on two meters, look at 
the data sheets for the RCA 40290, 40291 
and 40292. The 40292 appears to be a 
2N3632 at a reduced price, rated for a-m 
operation with a 14-volt supply. There are 
other types also designed for this sort of 
service. There are not any comparable 400-
plus-MHz types that I am aware of, although 
I know that several manufacturers are mak-
ing 225-400 MHz a-m transmitters for air-
craft service. I'd probably learn a lot from 
an appropriate technical manual, 

* Late note: I should have—I just blew the transistor! 

references 
1. "50-MHz, 40-Watt CW Transmitter w i th Load-
Mismatch Protection," RCA Transistor Manual SC13, 
1967, p. 504. 
2. Henry H. Cross, WIOOP, Frequency Mult ipl ica-
tion wi th Power Varactors at UHF," QST, October, 
1962, p. 60. 
3. RCA RF Power Transistor data sheet, develop-
mental type TA7344, Apr i l , 1968. 
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calculating 
received power 

in a 

radio 
communications 

link 

A detailed analysis 

of just what happens 

to the hard-earned watts 

from your transmitter 

The essential element in any radio communi-
cations link is the connection between some 
distant transmitting antenna and a receiving 
antenna. Perhaps you've never thought of a 
"connection" through space, but such a con-
nection nevertheless exists. 

The purpose of this piece is to analyze 
the radio frequency energy propagation 
problem and demonstrate how you can es-
timate the amount of power your antenna 
will pick up from a given transmitter, or to 
put it another way, the amount of input 
your receiver must have for effective re-
ception. 

approach to the problem 
Such an estimate can be very helpful in 

choosing equipment to be purchased, plan-
ning a station design, or thinking about 
whether or not you want to try some tough 
new project. Maybe someday you might 
want to design an rf link between two sites. 
Or perhaps you're thinking about moon-
bounce or space communications. 

As I reviewed the basics required for such 
work, I was very surprised to discover how 
simple it all is, if approached properly. Ba-
sically, received power questions are just 
another circuit problem, except we have to 
deal with power traveling through space as 
well as through wires and transmission lines. 
Space has only a few basic physical and geo-
metric properties that are always the same, 
except near large stars. But that kind of space 
is likely to be far outside our experience for 
years to come. Let's now consider why re-
ceived power and receiver performance 
questions sometimes seem difficult. 

§ the rf spectrum 
^ Historically, people haven't been working 
J very long with radio signals that behave in 
< a simple manner below the ionosphere. The 
.§ most-used frequencies have been below 
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about 100 MHz. Radio signals don't behave 
at these frequencies in the straightforward 
manner of those in space. The frequencies 
we're interested in at present cover a wide 
range, amounting to five decades, with a 
lower limit of about 10 kHz. It's informative 
to consider the physical aspects of the radi-
ating medium with which we must work at 
the frequencies of interest. The following 
summary presents the general characteristics 
of antennas in the entire rf range. 

under 3 MHz 

Antennas are electrically short and usually 
reactive. Elaborate grounding is required. 
Antenna input resistance is low, requiring a 
matching network; yet the antenna is phys-
ically large. 

3 MHz to 30 MHz 

Antennas are a large part of a wavelength 
in size, and grounding becomes optional, 
input resistance is easily matched, and a 
structure that is electrically large is physi-
cally manageable. Some directivity can be 
achieved without mechanically huge, elec-
trically phased systems. 

30 MHz to 300 MHz 

Antennas can be made in dimensions of 
a few wavelengths. Grounding is usually of 
no importance except for lightning protec-
tion. New kinds of antennas and wideband 
structures begin to appear. Very sharp di-
rectivity becomes possible along with high 
gain. 

300 MHz up 

Real variety appears in antenna designs. 
Some structures use optical techniques and 
resemble optical devices. Mirrors and lenses 
appear. Apparently strange means of carry-
ing rf include the G-string and waveguide 
techniques. Antenna bandwidths may be 
measured in octaves, yet the antennas are 
very directive. At frequencies in the giga-
cycle region, complications begin to exist in 
such areas as the physical size of water drop-
lets, which approach a wavelength in dimen-
sion. 

The natural laws apply to all these an-
tennas; however, there are so many differ-

ences it's somewhat surprising to recall that 
most involve practical problems of mechan-
ical size and engineering. A waveguide, for 
example, would certainly work at 80 meters 
but would.be huge, expensive, and imprac-
tical. A top-loaded, tenth-wavelength radia-
tor with several downleads appears equally 
improbable at vhf. 

Although our one field of antenna engi-
neering has the appearance of several, I have 
chosen wavelength (or frequency) as the 
only variable in my analysis of the rf energy 
transit problem. 

propagation modes 
The communications engineering field is 

further complicated by the four basic classes 
of rf propagation. We have surface and space 
waves as pure types, ground and sky waves 
as the varieties we actually find at low fre-
quencies, and a catch-all department for the 
multiple and once-unsuspected vhf modes 
discovered since 1940. Let's examine the 
characteristics of the rf propagation modes. 

surface wave 
Propagation of the radio signal is along 

the ground, suggestive of a one-sided wave-
guide. Propagation efficiency depends, in 
part, on ground characteristics, with sea 
water being least lossy. 

space wave 

Propagation is in straight lines through 
space—the simplest possible condition. Prop-
agation through the atmosphere sometimes 
closely resembles space-wave propagation. 

ground wave 

Surface and space wave combine as they 
propagate at low frequencies. A vertical ra-
diator is preferred with the bottom end well 
grounded. 

sky wave 

This is a low-frequency space wave as ob-
served under conditions in the atmosphere. 
It must be low enough in frequency for re-
flection from the ionosphere. Under good 
conditions it may reflect from the iono-
sphere and ground several times before 
weakening to inaudibility. 
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vhf modes 

If there were no atmosphere, vhf signals 
could be heard beyond the horizon only by 
diffraction scattering. This will be the case 
for explorers on the moon. In air various ef-
fects include scatter, TEM, auroral reflection, 
inversions, duct propagation and sporadic-E. 

Suppose we have a long-distance radio 
link between New York and, say, London, 
Florida or Australia. A few of the factors 
that must be considered include: 

1. Transmitting and receiving antenna prop-
erties, including grounding. 

2. Path orientation in earth's magnetic field. 

3. Daylight or darkness along path. 

4. Season. 

5. Solar activity. 

6. Immediate atmospheric ionization. 

Any experienced radio amateur could add 
entries and detail enough to fill the page, 
and a professional communications engi-
neer could probably write a book on the 
subject. 

If this description doesn't make estimat-
ing received signals a black art for super 
computers, here are still other factors: an-
tenna orientation relative to the incoming 
signal; the relative phases of signals arriving 
by alternate routes; whether signals are po-
larized linearly or circularly; and their orien-
tation or sense of rotation. 

Finally, there is the competition of the 
received signal with external and receiver 
noise. Your receiver may provide excellent 
output from a weak signal on the bench, but 
connected to the antenna it also brings in 
60-Hz harmonics from the millions of noise 
machines in cities, atmospheric noise at the 
lower shortwave frequencies, other amateur 
stations, and often strong interference from 
improperly tuned commercial broadcast, 
propaganda and jamming transmitters. At 
very high frequencies, the incoming signal 
must compete with thermal and atomic 
noise from the universe. 

Now that I have made this sound like a 
practically impossible problem, I'll devote 

the rest of the article to an explanation of 
how satisfactory solutions to the radio-link 
problem may be worked out with fifth-grade 
arithmetic. Some tenth-grade algebra will be 
of assistance in the more difficult cases, and 
the key ideas are of roughly the same level 
of difficulty. Our approach will depend upon 
key points. 

The first is: accuracy is not requifed. 
Twisting a knob or two on your receiver 
will throw in gain or loss fudge factors of a 
thousand or so per knob, and your receiv-
er's age control is comparably effective. A 
signal-strength estimate off by 10 or 20 dB 
will still be very useful and tremendously 
better than a guess or no estimate at all. 

Secondly, if you do come out wrong, your 
notes will help set things right with least ef-
fort, since records and experience combined 
will frequently inform you just how much 
improvement is needed and where it can 
be made most easily. 

Thirdly, you probably don't appreciate the 
really tremendous inefficiencies your system 
can have and still work. Normal communi-
cations systems commonly deliver larger 
amounts of signal power than are really 
needed. This brute-strength advantage is al-
most unavoidable under normal operating 
conditions, unless you're working with very, 
very low power. Take a note from the low-
power amateurs, who cover hundreds of 
miles on milliwatts. Modern required-power 
estimates, based on ordinary shortwave ex-
perience, are misleading because of the ter-
rific competition you expect from other 
hams, commercial stations and radio fre-
quency noise. 

Finally, although the over-all problem is 
complicated indeed, the elements can be 
attacked one at a time. We can do this in a 
style resembling elementary accounting: if 
we can grasp one key point, the rest of the 
solution will follow. 

power 
What is it that goes from power supply 

to transmitter, to transmitting antenna, 
through space, to receiving antenna, and at 
last to the receiver? It's power. Voltage and 
current merely indicate the presence of the 
power, and calculations with these quantities 
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represent avoidable detail. If we confine our 
attention to the really basic central matter 
of power, we can trace the power through 
its entire route and analyze each factor caus-
ing a change in power level. The power at 
the end of the journey is fed into the re-
ceiver. Let's imagine we are examining a 
transmitting system. 

fig. 1. Classic principle for mea-
suring watts per square meter. 

transmitting through an isotropic 
antenna 

We open our attack on the question of 
received power by imagining we have a 
transmitter connected to an isotropic an-
tenna. The antenna efficiency is 100 percent. 
By definition, the power is radiated equally 
in all directions. There is no such thing as a 
real isotropic antenna you can hold in your 
hand, just as you can never manufacture an 
equivalent circuit to observe the real circuit 
it represents. Isotropic simply means, "equal 
properties in all directions," a very conven-
ient imaginary property. All directions would 
receive equal amounts of rf, or lack of it, if 
you are a vhf enthusiast inclined to view 
things from a perspective of large-array be-
havior. 

Now let's go to the anodes of the trans-
mitter output tubes. This is where our dc 
input power is converted into rf power. The 
quantity of rf generated may be a little un-
certain, but simple voltage and current 
measurements will give an excellent power 

input figure. We can use this, as a first ap-
proximation, by assuming some reasonable 
efficiency figure, say 60 percent. 

The newly manufactured rf power starts 
off to the antenna, but not all of it arrives. 
Some is lost in the transmitter output cir-
cuit, and some heats up the transmission 
line or antenna. The remainder is radiated 
into space. 

Handbook research, careful measure-
ments, ballpark measurements, or just plain 
thinking can yield values for the losses, 
which we can describe as unwanted resis-
tances. We're interested in these estimated 
values because we want to reduce losses, 
and because even though we may be only 
estimating sometimes, a carefully thought-
out estimate is far better than one that 
comes off the top of the head. 

Now, let's suppose our transmitter input 
power is 100 watts, an rf-ammeter indicates 
about 1.1 amperes into a 50-ohm line, and 
our swr meter indicates zero reflected power 
from the isotropic antenna. What can we do 
with this? 

Current into a nonreactive, properly ter-
minated transmission line relates to power 
without a power-factor correction. There-
fore l2R equals about 61 watts going out to 
the antenna. Call it 60 watts. We can as-
sume a loss resistor in the transmitter, whose 
influence is appropriate to 26 ohms. Part of 
this resistance is derived from the power 
tubes, and the rest resides in the matching 
network. We may wonder about antenna loss 
resistance, but typically this is quite small, 
and for now we're assuming an isotropic an-
tenna anyway. So at this point we have about 
60 watts going out into space, and our think-
ing about its origin would work for any other 
transmitter, whether tube, transistor or va-
ractor output stage. 

the radio-frequency space wave 
A large proportion of the engineering dif-

ficulties found in real-life work and briefly 
listed earlier are related to sky- and ground-
wave propagation behavior, which becomes 
decreasingly important as we increase trans-
mitter frequency into the ranges used for 
space communications. If we suppose there 
is no propagation other than by space wave, 
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these complicating factors disappear, yet we 

still have a usable way of looking at things. 

We'll choose the simplest workable ap-

proach, and when we understand it, we can 

always fit in some more factors if we feel 

the need. For now I'll ignore them com-

pletely. 

Suppose our transmitting antenna is placed 

inside a huge balloon, or a perfectly nonre-

flecting sphere many wavelengths in diam-

eter (see fig. 1). No interaction will occur 

between the sphere and the isotropic an-

tenna at its center. Knowing the radius of 

the sphere, how do we estimate how much 

rf is striking any part of it? 

W e choose a system of dimensions first. 

I prefer to work in meters, because this sys-

can say R represents range rather than radius. 

Now we can reckon the power striking a 

square meter of area at any distance, using 

the same equation. For example, suppose 

we move out to 10 miles from our isotropic 

antenna, still radiating an estimated 60 watts. 

We have a sheet of paper 1-meter square, or 

about 39.4 inches on a side, and we face it 

directly towards the transmitting antenna. 

How much rf is striking it? 

A mile is about 1600 meters, so the range 

is 16,000 meters (see fig. 2). The result is 

1.9 x 1 0 - 8 watt per square meter striking one 

square meter. At one-half the distance the 

incidence power would be four times 

greater; at three times the distance nine 

times less, etc. 

fig. 2. Estimating the 
space-wave power lev-
el at a specific dis-
tance. (Note several 
simplifying assump-
tions.) 

ASSUME NO SKY REFLECTION 

P l l i f l P P P S P 

PfOd 60 WATTS 60 . . 
— = • — It XT* • 1.9* Iff* WATTS PCR SO METER AT 10 MILES 
*TTf>* 12 S « 2.36 « 10' 32 

tem is more convenient than the English 

system, and because we already reckon 

wavelengths in meters. This will be con-

venient later, when we come to receiving 

antennas. You may find it handy to remem-

ber a yard is 10 percent shorter than a meter, 

or that 10 meters very nearly equals 11 yards. 

Our sphere has a radius of R meters. A 

quick reference to a handbook tells us a ball 

of R meters radius has a surface area of 

4irR2 square meters. Knowing that each 

square meter of the ball's inside surface re-

ceives an equal amount of rf power, we 

write a quotient for watts per square meter. 

It comes out as Pra<j/4*-R2 watts per square 

meter, where P r a d is the total radiated power 

in watts. 

The sphere is required only as a conven-

ient mental image to remind us how we ob-

tained this watts-per-square-meter result. W e 

receiving through an isotropic 
antenna 

Now consider the question of how much 

power can be collected and fed to the re-

ceiver. To avoid complexities arising from 

antenna properties, imagine another iso-

tropic antenna connected to the receiver. 

How much power will the isotropic antenna 

intercept? 

Since we know the field strength in watts 

per square meter, we only need know how 

many square meters of capture area the an-

tenna effectively presents to the incoming 

wave. A useful list1 shows the effective cap-

ture area of an isotropic antenna to be 0.08 

square wavelength. Converting this to me-

ters, and multiplying by watts per square 

meter, provides our estimate of power avail-

able to the receiver antenna terminals (see 

fig. 3). 
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For instance, suppose our 100-watt trans-
mitter, situated 10 miles away, is operating at 
a wavelength of 2 meters. Our isotropic an-
tenna at 0.08 square wavelength has an ef-
fective capture area of 0.16 square meter, 
so that it delivers 1.9 x 10^8 watt per square 
meter, times 0.16 square meter, or about 
3.03 x 10- y watt to the receiver. This com-
pletes our computation by the detailed 
method of received power if we know trans-
mitter power and range and use the simplest 
possible antennas. The approach I've used 
so far is a very good one to understand, but 
in real life it's rather slow and clumsy and 
doesn't yield results in the most meaningful 
form. 

fig. 3. Estimating received power. 

0.08 SQUARE WAVELENGTH 
AT 2 METERS ' 016 SO M 
EFFECTIVE CAPTURE AREA 

1.9 » <0"» WATT 
PER SO METER 

3.03 » 10* WATT 
SUPPLIED TO RECEIVER 

1.9* ICT* W/M*x 0.16 H* • 3.03m I (T3 WATT 

computing power using decibels 
The decibel system often seems confus-

ing, because too many writers neglect to 
mention their standard unit of power or 
voltage. Another difficulty arises when we 
forget that dB numbers represent ratios. 
When we add dB's we use a shorthand 
method for multiplying the ratios. For in-
stance, zero dB may look a little odd until 
you remind yourself it means output equals 
input, rather than output equals zero. Deci-
bel values of various ratios are contained in 
many engineering books. Ballantine's handy 
dB/Ratio conversion slide rule is even bet-
ter, and 1 used mine for the dB calculations 
appearing a few paragraphs below. 

Every power transformation or loss factor 
in our transmitter-receiver system from 
power supply to power-tube anode, to trans-
mitting antenna, to space, to receiving an-

tenna, and finally to the receiver terminals, 
can be expressed as a ratio. The transmitter 
efficiency is Pout/Pin, the watts per square 
meter is expressed by Pra(i/4rrR2, and so on. 
Each of these can be expressed in its dB 
value. The result of all these multiplications 
and divisions is obtained by adding alge-
braically all positive and negative values. 
Since the received signal is much weaker 
than the transmitted signal, the negative val-
ues have to win by a sizable margin. Let's 
work out our transmitter-receiver problem 
using dB's. 

Here it is again for convenience: 

1. 100 watts dc input. 

2. 60 percent efficiency. 

3. Wavelength 2 meters. 

4. Isotropic transmitting antenna. 

Ten miles away another isotropic antenna is 
connected to a receiver. Orientation of iso-
tropic antennas is not important. How much 
rf input power is fed to the receiver antenna 
terminals? 

Since we're talking about power, we'll 
choose a standard power level. This is 1 
milliwatt. We're not concerned with circuit 
impedances or with ac, dc or frequency. 
I'll avoid the usual reference standard dif-
ficulty by using the term dBm to refer to all 
power levels. Plus values represent powers 
greater than 1 milliwatt; minus values repre-
sent power levels between zero and 1 milli-
watt. W e start with dc power at the tube 
anodes. 

Meter voltage and current readings indi-
cate 100 watts input, which is plus 50 dBm. 
Some is lost in the transmitter, with theory 
and experience suggesting an efficiency of 
60 percent. 100/60 equals 1.67. Referring to 
our dB rule, we find this is a loss of about 
2.2 dB. At this point our power level is re-
duced to plus 47.8 dBm. This is the power 
radiated into space. 

Since I want to get the same result by dB 
calculation as by the direct method, I can't 
throw in any new loss factors. But if we 
wanted to include an efficiency of 86 per-
cent for the antenna, we would take off 
another 1.1 dB. I'll pass that by this time, 
however. 
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At this point we have plus 47.8 dBm going 
into space. Our filling-all-space geometry 
brings in the 1/4jtR2 factor, which consists 
of a constant 1/4jt, and a 1/R2 range factor. 
The 1/47r is a fixed minus 11 dB, and the 
range factor requires a manipulation deserv-
ing close attention. To calculate the dB value 
of 1/R2 for 16,000 meters, we separate the 
range number into two parts, convert the 
parts to dB values, add these, then double 
the result to represent the squaring. That is, 
1/16,0002 equals (1/16 x 1/1,000)2. Ballan-
tine's handy rule gives us minus 12 dB for 
the 1/16, and minus 30 dB for the 1/1,000. 
The sum is minus 42 dB. Doubling this 
brings it to minus 84 dB. (This is simply cal-
culating with logarithms.) Now our power 
calculation is plus 47.8 dBm radiated, minus 
11 dB geometry factor, minus 84 dB range 
factor. This yields minus 47.2 dBm per 
square meter at the receiving antenna. 

Our isotropic receiving antenna has a cap-
ture area of 0.08 square wavelength times a 

table 1. The "accounting" method for finding re-
ceived power. 

effective effective 
power power 

parameter gain gain 

transmitter dc input power 50 dBm 

transmitter efficiency 
(60 percent) 

transmission line efficiency 

antenna efficiency 

antenna gain over isotropic 

spherical geometry factor 

range factor 

propagation factor 

isotropic antenna capture 
area gain (frequency 
dependent) 

antenna gain over isotropic 

antenna efficiency 

transmission line efficiency 

receiver input efficiency 

SO dBm —105.2 dB 

check calculation: 
50 dBm — 105 2 dB = —55.2 dBm (accounting method) 
3.03 x 10 ° watts = —60 dBm + 4.8 dBm = —55.2 
(geometry method) 

table 2. Estimates of receiver input power from 
several antennas. 

antenna system 

isotropic 

2 dipoles at 2.2dB/ 
dipole 

dipole transmitting 
antenna/2.2 dBi 

plus Yagi receiving 
antenna/13.2 dBi 

Yagi transmitting 
antenna/13.2 dBi 

plus colinear receiving 
antenna/11.2 dBi 

Note: dBi stands for dB gain over isotropic antenna 

wavelength of 2 meters, or 0.16 square me-
ter. Our Ballantine rule converts this to 
minus 8 dB. Minus 47.2 dBm per square 
meter, minus 8 dB for effective capture area, 
adds up to minus 55.2 dBm fed to the re-
ceiver. If the capture area had been 1 square 
meter, we'd have used 0 dB here for minus 
47.2 dBm at the receiver, etc. 

It's laborious and confusing to try to work 
out all calculations in the broken-up style I 
used to try to present these ideas. If we take 
a hint from the bookkeepers we see this is 
exactly an accounting problem. We can re-
arrange it in the neat, concise style of table 
1. This arrangement offers instant compre-
hension. It is especially valuable in experi-
mental work where you may be looking for 
the best way to increase received power. 
See table 2 for a sample analysis of results 
achieved by changing antennas. Such an in-
vestigation on paper can be carried out with 
the assistance of a few simple tests to im-
prove your perspective on actual system per-
formance in your location. You should ex-
pect to save many tens of dollars and hours 
of hard work. Perhaps you can find business 
applications for it too, with tv applications 
at the head of the list. 

reference 
1. "Reference Data for Radio Engineers," IT&T, 4th 
ed., p. 750. 
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Operation on the vhf bands for the serious 
DX enthusiast is lonely at best when he's 
separated by some distance from others with 
similar interests. Located as I am in the Vir-
gin Islands, some 1100 miles from the main-
land, I used to spend a lot of time listening 
to antenna noise—until I built the DX bea-
con described in this article. 

With 50-MHz conditions building up to a 
sun-spot cycle 20 peak, I'd been giving some 
serious thought to how I could be sure that, 
when the band was open, I would be listen-
ing. Often I could get on the air if I knew 
when to be (here. Many limes I'd be lis-
tening, and the other fellow would be listen-
ing, but we'd listen right through (he open-
ing because we heard nothing. Clearly, I 
needed something that would make noise 
(transmit) and alert me when my transmission 
attracted someone else's attention. 

I'd just completed the DX beacon de-
scribed here when I got into a round table 
discussion with two other "vhf hermits," 
OA4C and CE3QG, both of whom had also 
given some thought to the problem. All of 
us wanted a beacon to attract attention, but 
none of us had a ready supply of parts. In 
each case, the resulting beacon was built 
from what was on hand. OA4C used what he 
calls a "promotion motor" to energize his 
transmitter. (It was promoted from a local 
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liquor store display for beer.) CE3QG used a 
tape loop. These approaches are discussed 
later. 

My system is a little more complex than 
either of the other two. I built it around a 
spare 6C4 tube I had on hand and the other 
not loo pretty but serviceable components 
shown. The KV4FU system is described in 
some detail; those of OA4C and CE3QG in a 
general way. Whichever approach you take, 
chances are you will modify it to suit avail-
able parts. 

KV4FU system 
The secret of making the package two-way 

is to use the vox circuit in your ssb trans-
ceiver or transmitter. My basic system is 
shown in fig. 1. The code message is etched 
onto a wheel made from a phenolic board. 
A 1-rpm motor rotates the wheel past two 
fixed contact fingers. The center finger 
makes contact with a copper ring etched 
around the center of the wheel. The second 
finger contacts the etched code characters 
around the periphery of the wheel. The 
make-or-break circuit carries an 800-Hz sine 
wave output from an audio generator, which 
is fed through a bandpass filler. This signal 
drives the transmitter (or transceiver) 
through the vox circuit. My message, shown 
in fig. 1, lasts 35 seconds. The remaining por-
tion of the wheel is blank, which is a 25-
second listening period. After the "K" is 
transmitted, the vox circuit returns the trans-
mitter to the receiver mode. This is when 
other stations can call or make noise to alert 
me of their presence. 

code wheel construction 
I made my code wheel from a 4 x 6-inch 

single-sided phenolic board (phenolic on 
one side only).* The code characters can be 
made with EZ Etch pressure-sensitive trans-
fers, or you can use 1-point and 2-point rule-
line tape, which has an adhesive backing. 
This is available in art supply stores. 

Lay out your message in pencil. After 
scribing the circle for the wheel with a com-
pass, center the copper ring for the fixed 

• Available from Amidon Associates, '12033 Otsego 
Street, North Hollywood, California 91607. They also 
handle EZ Etch products. 

contact. Etch the code characters, then cut 
out the wheel circle with a jig saw or coping 
saw. Drill a hole exactly in the center for a 
press fit onto the motor shaft. 

keying mode 
Since you are keying an ssb transmitter 

with an audio nole, the transmitter input 
will be single-tone audio and not pure cw 
(depending upon the method used to gen-
erate cw in your particular unit). The purity 
of the audio note originating in your 800-Hz 
audio generator will, to a large measure, de-
termine what your beacon sounds like at the 
other end. Take care not to overdrive the 
audio input of your transmitter with Ihe rela-
tively high oulput levels available from most 
audio generators (i.e., don't flat top your cw). 

I have experimented with leaving the 800-
l lz audio bandpass filler out of the system 
with varying results. When Ihe distortion 
products from the audio generator are held 
to levels 50-60 dB below the 800-Hz output, 
there's no need for the audio bandpass filter. 
In my own receiver, however, the unwanted 
(lower) sideband is still present and objec-
tionable, although it is at least 45-50 dli be-
low my desired (upper) sideband transmitted 
signal. A slightly less-pure 800-Hz audio out-
put produces a combination of cw and mew, 

The KV4FU OX beacon. Contact fingers for 
code wheel are attached to phenolic 
boards mounted at right angle to wheel. 
Slit in boards provides track for wheel. 
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which makes it possible for stations without 
a bfo to copy your beacon. (Some stations 
in South America are still so equipped on 
50 MHz.) 

When the signal is quite strong, audio 
notes will be present next to the 800-Hz sig-
nal and probably won't contribute to your 
communications range or win you compli-
ments from those hearing your signal. When 
signals are weak, the cw portion (driven by 
the stronger 800-Hz note) will probably be 
all the distant station will hear. 

the audio generator 
The circuit I use is shown in fig. 3. The 

audio output transformer, L1, is a Stancor 
A7949 whose 2000-ohm primary is the series 

duty cycle of your transceiver power supply 
if you intend to run extended operations 
with your beacon. Exact data on the Swan 
117XC duty cycle is not available to me, but 
it appears that a 25 percent duty cycle does 
not overtax the unit. I operate on transmit 
mode 60 percent of the time, but I transmit 
only a portion of this period. The end result 
is that my key-down time is 25 percent of 
each minute. I have experienced no difficul-
ties with the Swan 117XC. 

vox circuit adjustment 
The vox circuit delay control should be 

adjusted so that the transmitter stays on the 
transmit mode (i.e., remains keyed with rest-
ing current present) between characters. 

fig. 1. Block diagram of 
KV4FU vhf DX beacon. 
Microphone input to trans-
mitter is driven through 
vox circuit via code wheel, 
which keys audio genera-
tor output. 

OOOE CHARACTERS 

element in a pi network. The secondary is 
not used. 

I chose 800 Hz because I had some surplus 
toroid filters on hand, and this frequency 
complemented the cw operation of my 
Swan 250 transmitter. The Swan's cw signal 
is generated 800 Hz above the receiver lis-
ten frequency, and a station hearing my bea-
con and zero beating with another Swan 250 
(let's face it—there are a lot of them around) 
will also produce an 800-Hz audio note in 
my receiver. Your choice may be different 
for similar reasons. 

The response of the surplus filter is quite 
good. A scope showed sidebands of 750 and 
850 Hz to be down 30 dB or more. The 1968 
edition of the ARRL handbook (pages 50-51) 
contains data on building your own filter. 

power supply duty cycle 
Some attention should be given to the 

This will ensure that you don't clip the lead-
ing edge of characters and distort the sound 
of your cw. 

rf feedback 
You might experience some problems with 

transmitter rf getting back into the audio 
generator system and keying circuit. I found 
it necessary to physically remove the audio 
generator code wheel about six feet away 
from my 50-MHz final amplifier to prevent 
rf distortion of the audio keying signal. The 
code wheel output is coupled to the audio 
input jack on the Swan 250 through a shield-
ed microphone cable. (A transistorized audio 
generator had to be enclosed in a shielded 
box and a copper screen built around the 
code wheel in a second unit I constructed. 
For this reason, the tube unit shown here is 
now in use, because it was less susceptible 
to rf overload.) 
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fig. 2. Cods mes-
sage Is etched on a 4-
x 6-inch phenolic board, 
which is then cut to form a 
4-inch-diomoler circle. 

LISTEN 
PERIOD 

The photos and diagrams should provide 
adequate explanation for anyone interested 
in duplicating my DX beacon. 

CE3QC and OA4C approaches 
The CE3QC method of accomplishing the 

same objective is similar, and OA4C has al-
ready updated CE3QG's method with anoth-
er step. 

CE3QG prerecorded his beacon message 
on an audio tape loop which consists of 
"(dash, dash) CQ TEST CE3QG TEST CE3QG." 
The tape loop is recorded in mew, and the 
audio output from the playback head on the 
recorder drives his Swan 250 VOX circuit. 
One advantage to this method is that beacon 
messages can be changed quickly to suit his 
needs without having to etch a new code-
wheel board. The delay period and timing 
can also be changed at will. 

OA4C liked this idea and expanded upon it 

by including an aural CQ on his tape inter-
spersed with his cw message. He sends (on 
cw) "CQ CQ DE OA4C," followed by "CQ 

The completed code wheel. Characters can 
be made with pressure-sensitive transfers or 
tape available at art supply stores. 
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SIX METERS FROM OCEAN ABLE FOUR 
CHARLIE LIMA PERU" on ssb. 

Heinz, OA4C, also has a band watching 
mechanism that alerts him when signals ap-
pear on the 50-MHz band. He has only one 
other local, OA4BR, who cooperates by not 
falsely triggering Heinz's warning system. 
Here is how it works. 

the OA4C band watcher 
Heinz' "promotion motor," which is ac 

operated and self reverses its shaft rotation 

TO TRANSMITTER 
AUDIO INPUT 

fig. 3. DX beacon audio circuit. Output transformer 
is Stancor A7949 primary {2 kilohms); secondary is 
not used. Audio bandpass filter is surplus kit. 

cons were on the air. Industrious amateurs 
put them on to warn of DX conditions, and 
the beacons ran almost continuously. As ac-
tivity grew through sunspot cycles 18 and 19, 
the beacons slowly left the air on the theory 
that with much activity one didn't need a 
beacon to tell one when the band was open. 

This is all well and good for DX openings 
via the E layer within the Continental United 
States. However, anyone who has ever lis-
tened to commercial signals just below (or 
within) the 50-MHz band during periods of 
high muf via the F layer will tell you that the 
band is open for hours on end but amateur 
signals are not present. The need for beacon 
activity both inside and outside of the Con-
tinental United States has never been great-
er. As CE3QG, OA4C and others will tell you, 
stateside 49-50 MHz signals are often heard, 
but with no signs of amateur activity. 

A similar case exists for two-meter E-layer 
DX. The construction of a vox-controlled 
beacon for two-way vhf activity overcomes 
the old bugaboo about beacons being con-
tinuously run and the operator transmitting 
right through a DX opening when he should 
have been listening. With such an installa-
tion, more contacts will result, even in times 
of short-period openings and rapidly chang-
ing conditions. 

Vox-controlled ssb transceivers abound on 
both six and two meters. In just a few hours 
you too should be able to put your own 
beacon on the air. And listen for mine on 
50.1028! 

after one complete revolution, is connected 
to his receiver tuning dial through a gear ar-
rangement. The motor remotely tunes his re-
ceiver plus or minus 50 kHz from center fre-
quency. He places his microphone in front 
of the receiver speaker, sets his vox sensi-
tivity circuit so that any received signal will 
key the vox, and throws a spst switch that 
disables the transmitter vox relay control. 
This allows the vox relay to ring a bell. When 
he hears the bell, he knows a DX signal is on 
the band, and he hotfoots it back to the 
shack. 

are beacons really necessary? 
Many years ago numerous 50-MHz bea-

ham radio 

"If you'd read "ham radio magazine" carefully, 
you'd know you heat the wire 

and not the solder, dear." 

56 g g october 1969 



high-linearity 
voltage controlled 

crystal oscillator 

While working up plans for a special weak-
signal receiver with precision calibration, I 
needed a stable vco (voltage-controlled os-
cillator) that could be tuned over a small fre-
quency range—10 kHz at an output frequen-
cy of 28 MHz. The oscillator had to have 
good voltage-vs-frequency linearity as well 
as crystal stability. With good linearity the 
frequency could be controlled with a ten-
turn potentiometer; the ten-turn dial would 
then read frequency at the rate of 1 kHz per 
revolution, and setting repeatability would 
be better than 10 Hz with calibration accur-
acy of 50 Hz. 

The weak-signal receiver is not finished 
yet,* but it will use direct conversion of the 
28-MHz i-f signal to audio using ssb phasing 
techniques for image rejection. The vco fea-
ture is needed for automatic search modes 
and phase-lock inputs: 

The voltage-controlled crystal oscillator 
(vcxo) worked so well I decided to describe 
it separately since there are many applica-
tions for such a unit. It could be used as 
the master oscillator for a vhf transmitter (re-
sulting in considerable tuning range of the 
output frequency) or it could be used to gen-
erate wideband fm in a vhf transmitter or fsk 
in a lower frequency unit. These are all ap-
plications that are difficult to accomplish 
with conventional techniques if extreme car-
rier stability is required. 

The electronic tuning of a vco permits 
some interesting tuning concepts for receiv-
ers and transmitters. For example, more than 
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one dial can be used with a vco, and the dials 
can be switched electrically. With this ar-
rangement the vco can "remember" a partic-
ular tuning position, or it can be tuned off 
frequency with the second dial. In a trans-
ceiver a vco can provide independent tuning 
for either transmission or reception. In a 
moonbounce system a vco can be used to 
remove Doppler shift from the expected 
echo by changing vco frequency by the ex-
pected Doppler shift between reception and 
transmission. 

the vcxo 
This oscillator is designed around a crystal 

that has a series-resonant frequency at 14 
MHz. Crystal frequency can be shifted with 
good linearity over a range of plus or minus 
10 kHz at 14 MHz. My application only calls 
for ±2.5 kHz deviation at 14 MHz; over this 
range linearity is within 0.25 percent. From 
my experiments with this circuit it appears 
possible to shift the frequency as much as 
30 kHz. 

The vcxo is temperature compensated and 
has a frequency stability of 2 Hz per degree 
centigrade. Temperature compensation is 
required because the frequency is influenced 
by circuit parameters other than the crystal. 
Stable operating voltages are also required 
for the same reason. Stability of the com-
pleted vcxo is better than the best LC oscil-
lators by at least an order of magnitude; fig. 

* Author WB6IOM promises a complete rundown 
when the receiver is complete. 
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1 shows frequency vs temperature, operating 
voltage and control voltage. 

Output level of the circuit is 1 Vrms sine-
wave into a capacitive load of 10 pF. The 
output circuit is not designed to operate into 
a 50-ohm load because this would increase 
power dissipation inside the unit and cause 
undesirable warm-up effects. 

The circuit settles right down when the 
frequency-control dial is reset—frequency 
changes are instantaneous. Warm-up drift is 
about 10 Hz, with stabilization to 1 Hz with-
in 10 minutes. The oscillator will stay within 

1 2 3 4 
CONTROL VOLTAGE (V) 

fig. 1. This curve of vcxo frequency charac-
teristics illustrates the excellent linearity and 
voltage and temperature characteristics of the 
unit. 

1 Hz for hours in a normal room-tempera-
ture environment as measured with a digital 
counter. 

operation 
The circuit shown in fig. 2 uses the crystal 

in a series-resonant mode between a com-
mon-base stage (Q1) and a common-col lec-
tor stage (Q2). While it might seem that the 

impedances of both stages are quite low, the 
crystal actually sees the impedance of the 
emitter resistors rather than that of the tran-
sistors. This is because the amplifiers are not 
operated class A due to the large amount of 
loop gain that is available. The large loop 
gain causes the oscillation amplitude to build 
up to a level where the transistors are cut 
off for a considerable portion of the cycle. 

The series-resonant impedance of the 
crystal is approximately 10 ohms, so the large 
series emitter impedance reduces the effec-
tive crystal-circuit Q by a factor of 100 or 
more. The reduction of crystal Q allows am-
plifier phase shift to change the frequency 
of oscillation. Most of the initial amplifier 
phase shift is produced by the large collector 
resistance of the common-base stage and its 
collector-to-base capacitance. This causes 
the frequency of oscillation to be lower than 
crystal resonance. 

The variable capacitance of the 1N4452 
diode produces a variable phase shift that 
can raise or lower the frequency of oscilla-
tion. Although this diode is not character-
ized as a varactor it is used as one in this 
circuit. I have used many of these diodes in 
various applications as harmonic multipliers. 
Typical minus 6-volt cutoff frequency is 20 
GHz. Zero-bias capacitance is typically 30 
pF; at 20 V it is a few pF. Other diodes with 
similar parameters will probably work too, 
although regular switching diodes do not 
work. 

In this circuit the diode is forward biased 
over part of the rf cycle; the control voltage 
varies the conduction angle of the diode. 
This probably expla ins the exceptional lin-
earity, As soon as the control voltage is 
raised above the point where the diode cur-
rent goes to zero, linearity rapidly deterio-
rates. 

At high forward diode currents the oscilla-
tor frequency is below the resonance of the 
crystal because of the large phase lag in the 
common-base stage. At low diode currents 
(high control voltage) the average capaci-
tance of the diode increases the effective 
crystal resonant frequency. Oscillator fre-
quency is then above the crystal resonant 
frequency. 

Since the collector resistance of the com-
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mon-base stage controls phase shift, chang-
ing its value with temperature can effect the 
temperature compensation of all other tem-
perature-sensitive elements in the circuit. 
This is accomplished by the unijunction 
transistor (Q4) series resistor combination 
that shunts the collector load resistance. The 
base diode of the unijunction transistor is 
not connected. A "Sensistor" will do the 
same job but it is more expensive and is es-
sentially the same piece of silicon anyway. I 
suspect that each oscillator needs to be com-
pensated individually; the 12k series resistor 
can be varied to compensate properly any 

tuneup 
There should be no problems with crystal 

activity in this circuit since feedback is quite 
large. The linear tuning range can be cen-
tered around the desired center frequency 
by varying the common-base collector load. 
Decreasing the 12k series resistance to the 
unijunction transistor will increase the tem-
perature sensitivity of the load resistance and 
can be used to obtain exact temperature 
compensation for a particular control volt-
age. Temperature compensation will then be 
close enough at either end of the tuning 
range. 

fig. 2. Schematic (or the voltage-
controlled crystal oscillator. The 
12k resistor in series with the uni-
junction transistor is used for tem-
perature compensation. The crystal 
is a CR-19/U type available from 
Texas Crystals. 

O-tlSV 

oscillator. More about this under the section 
on tuneup. 

I used 2N2369A transistors but any other 
high-speed switch or amplifier type should 
work equally as well. The output stage is an 
emitter follower. This stage does not provide 
complete isolation of frequency from load 
variations but is sufficient for most uses. 

construction 
The oscillator is constructed in a small 

metal box, IV2 x 1V2 x 2V2 inches, that is 
completely closed to maintain a uniform 
temperature. Dc voltages are brought 
through feedthrough filters. Output is from a 
BNC fitting. The oscillator can drive a few 
inches of coaxial cable without much loss in 
voltage. All resistors used in the prototype 
are Vs-watt metal film types. These provide 
long-term stability. 

Decreasing the 13k resistor in series with 
the control voltage will yield increased 
tuning range toward lower frequencies. De-
creasing the 4.7k collector resistance of the 
common base stage is the only variable avail-
able to control the high end. If the oscillator 
is used with higher supply voltages, slightly 
more tuning range may be obtained. 

The oscillator should be used with a stable 
power supply. The temperature compensa-
tion of the oscillator assumes that the power 
supply used has a near zero temperature co-
efficient of voltage. If the power supply is 
located in the same thermal environment it 
can, of course, be included in the thermal 
compensation of the oscillator. Ripple on 
the power supply must be less than a few 
hundred microvolts, particularly on the con-
trol voltage fine. 

ham radio 
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bv larry alien 

tuning up ssb transmitters 
On a quick look, tuning up a single-side-
band transmitter may appear about the 
same as tuning any other kind. But when 
you try it, you'll find there are some con-
siderable differences. 

In fact, a complete ssb tuneup is some-
thing suited more to the bench than to the 
working shack, A full ssb tuneup is really 
an alignment job. There are critical ad-
justments to be made. Fortunately, once 
made, these screwdriver or transformer-
slug adjustments can be left alone as long 
as the set works okay. You don't have to 
change them every time you change bands 
or frequencies. 

The chief trouble most hams run into 
in aligning an ssb transmitter stems from 
not really knowing what each step does. 
If everything happens according to the 
book, okay. The trouble is, not everything 
does. It's then that knowing and under-
standing determines how the job turns out. 
This background of know-how and know-
why is what I plan to bring you this 
month. Then you'll be at ease with the 
nuts and bolts of ssb transmitter alignment 
I'll tell you about next month. 

s s b b a n d - c h a n g i r i g 
Remember that the main carrier oscil-

lator in an ssb transmitter does not de-
termine output frequency. You can see why 
in fig. 1. 

The carrier oscillator generates its signal 
at a fixed frequency—sometimes 455 kHz, 
and in transceivers, usually around 5 or 9 
MHz. This signal has only one purpose: 
creating sidebands. The voice signals need 
some kind of carrier to beat with in the 
balanced modulator. Otherwise, no side-
bands or difference frequencies would be 
generated. 

The output of the balanced modulator 
is a double-sideband supressed-carrier 
(dsbsc) signal. The two sidebands contain 
all the voice modulation, in rf form of 
course. One sideband is just above and 
the other just below the carrier frequency. 

Then the dsbsc signal is sent through a 
special filter that allows only one side-
band to pass. The output of that filter is a 
single-sideband signal. It contains all the 
rf modulation components that were 
formed on one side of the carrier. 

However, in today's equipment, the so-
called carrier that is mixed with voice sig-
nals to form sidebands is never at the 
same frequency as the output of the ssb 
transmitter. With only one signal fre-
quency, the balanced modulator and side-
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band filter can be designed for optimum 
results at that frequency. It would be dif-
ficult and expensive to change so many 
tuned circuits every time you shift trans-
mitter frequency. Tuning up each time 
would be complicated and time-consum-
ing. 

Instead, frequency in a modern ssb 
transmitter is determined after the single-
sideband signal is formed. Usually, it's 
done by a heterodyne method. This is also 
explained in fig. 1. 

The ssb signal from the sideband filter is 
mixed with a cw signal from a master vfo. 
If the transmitter operates at vhf, there is 
also likely to be some frequency multiplica-
tion between the vfo and the frequency 
converter stage where the signals are 
mixed. 

The ssb signal and the vfo signal heter-
odyne and create sum and difference sig-

The remaining single sideband goes to 
the antenna. If more power is needed, the 
signal is amplified first in a linear power 
amplifier. 

alignment fundamentals 
Obviously, changing the output band in-

volves only the tuned circuits that follow 
the frequency converter—even if the trans-
mitter has two converters. You switch the 
tuned tanks. If the band change is from 
an hf to a vhf band, you might also switch 
in a multiplier stage after the vfo. 

Changing frequency within a band is 
only a matter of retuning the vfo. You may 
have to make minor tuning adjustments 
in the tank circuits that follow the fre-
quency converter. If the transmitter setup 
includes a linear amp, chances are you 
tune it up only when changing bands; it's 
broadbanded. 

_ r 
carrier 

OSCILLATOR 
BALANCED 

MODULATOR 

[> SPEECH 
AMPLIFIER 

> ^ 
SIDEBAND 
FILTER 

FREQUENCT 
CfMERTER 

TUNED LINEAR 
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fig. 1. Output frequency of single-sideband transmitter depends on heterodyning already-formed sidebands with 
signal from vfo, which develops a sideband at transmitting frequency. 

nals. If you figure them out, you'll know 
that makes a sideband above the vfo fre-
quency by the amount of the original car-
rier frequency, and another below by the 
same amount. If the frequency converter 
is a simple mixer, the output also contains 
the vfo signal; if it's a balanced mixer, 
the vfo signal is canceled in the output. 

The two new sidebands are quite far 
apart. If the carrier oscillator is 455 kHz, 
for example, the two sidebands are 910 
kHz apart. Any fairly selective tuned tank 
can pick out one sideband and eliminate 
the other quite easily. 

However, there are important adjust-
ments to be made periodically if you want 
to maintain top performance, adjustments 
that come under the heading of align-
ment. The balanced modulator is the most 
critical of these. It must be balanced per-
fectly to cancel the carrier signal effective-
ly. This entails only two or three adjust-
ments, but they must be accurate and cor-
rect. The steps vary from model to model, 
but their goal is inevitably the same: to 
suppress the carrier as much as possible. 

Sometimes minor—but touchy—adjust-
ments must be made in the vfo. Aging 
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components and the wear of regular use 

eventually bring on tuning errors. Al ign-

ment restores dial accuracy. 

Even stages fol lowing the frequency con-

verter have some servicing-type adjust-

ments that need periodic attention. Bias 

for the linear amplifier is important to 

operation and to tube life. Some rf stages 

need neutralizing. Each band usually has 

separate adjustments that "center" the 

tuned tanks of the rf output circuits. 

peculiarities in transceivers 
Certain transceivers use one or more re-

ceiver i-f stages to amplify the sideband 

signal before it reaches the last frequency 

converter. That ties receiver alignment in 

with transmitter-adjustment peaking. So, 

you must align the receiver first. An ex-

ample of this kind of unit is the partial 

b lock diagram of a Hallicrafters transceiv-

er in fig. 2. O n l y the connections to the re-

through a narrowband filter to eliminate 

any nearby frequencies that might have 

s l ipped past the 1650-kHz tuned circuits. 

Then it's amplified again, detected, and 

so on. That's the receiver. 

T w o i-f stages of the receiver are used 

in the transmit mode, too. Study fig. 2. 

The carrier oscillator uses two crystals, one 

to generate upper sideband (usb) and one 

to generate lower (Isb). The usb crystal is 

at 1652.8 k H z ; the Isb crystal is at 1650.0 

kHz. The output of the balanced modu-

lator is a pair of sidebands above and 

below whichever frequency has been se-

lected by the usb/lsb switch. 

Bandpass of the 1650-kHz amp is broad 

enough to pass both sidebands at either 

frequency. The filter that follows, a crystal-

lattice type, has a very sharply defined re-

sponse. It passes frequencies from 1650-

1653 kHz, sharply rejecting any above or 

below. So, if the usb crystal is chosen, the 

fig. 2. Transceiver uses some of receiver i-f stages to amplify transmitter signals at various stages of frequency 
conversion. Sideband generated in balanced modulator is heterodyned up to the output frequency. 

ceiver stages are shown. 

In the receive mode, the first superheter-

odyne conversion changes incoming single-

sideband signals to intermediate fre-

quencies between 6.0 and 6.5 M H z . The os-

cillator that feeds that first receiver mixer 

is f ixed-frequency (the same crystal oscil-

lator that feeds the transmitter second 

converter). The signals are amplif ied by a 

broadband (6.0-6.5 MHz) i-f amp. 

Then they're mixed with a signal from 

the variable frequency oscillator. Its tun-

ing picks out the one signal you want and 

converts it to 1650 kHz. From that second 

mixer, the signal is amplif ied and fed 

sideband filter picks out the difference or 

lower sideband from the two generated in 

the balanced modulator (it's later con-

verted to an upper sideband of the output 

frequency). If the (sb crystal is chosen, the 

filter selects only the sum or upper side-

band of the modulated carrier. The carrier 

itself is suppressed in the balanced modu-

lator. 

The one-sideband signal from the filter 

is fed directly to a transmitter frequency 

converter. There it mixes with a tunable 

signal from the vfo. Again, the sidebands 

are produced at sum and difference fre-

quencies—the 1.650-MHz sideband mixing 
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fig. 3. Different balanced modulators you may find in ssb equipment. 

with the vfo frequency. One sideband falls 
in the 6.0-6.5 MHz range; the other falls 
somewhere around 3 MHz. The 6.5-MHz 
tuned circuits, in the amplifier that follows, 
reject the 3-MHz sideband easily. 

The desired sideband, between 6 and 
6.5 MHz, is amplified and sent to a sec-
ond frequency converter, a fixed-frequency 
oscillator. This is where the main band-
changing is done. The oscillator has a se-
lection of crystals. With the vfo tuning the 
signal over a frequency range of 6 to 6.5 
MHz, this final frequency conversion de-
termines what band this 0.5-MHz spread 
is applied in. 

For example, a 10-MHz crystal beats 
with the 6.0-6.5 MHz signals to produce 
output frequencies between 3.5 and 4.0 
MHz, the 80-meter band. A 13.5-MHz crys-
tal gives a 7-7.5 MHz spread—the 40-me-
ter band. And so on. The 10-meter band 
from 28 to 29 MHz is covered with two 
crystals, at 34.5 and 35.0 MHz. 

inside balanced modulators 
These explanations are to acquaint you 

with exactly what you're doing when you 
adjust one section or another of an ssb 
set. One of the least understood stages is 
the balanced demodulator. J'd better fell 
you what the adjustments in it are for.* 

Briefly, here is the principle of a bal-
anced modulator—sometimes called a 
balanced mixer. If you feed a signal in 
parallel to any two perfectly matched 
stages and take the output from them in 
push-pull, the input signal is canceled. Or, 
if you feed the balanced stage in push-pull 
and take the output in parallel, cancella-
tion occurs. 

Suppose the stages are two balanced but 
nonlinear mixers. You feed them an rf sig-
nal in push pull and voice signals in 

^Editor's iiole; It you don't know balanced modulators 
at all, you might go back and review them in the 
article "Generating SSB Signals" on page 24 of the 
May, 1%8 ham radio. 
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parallel. If you take the output of the 
mixer in parallel, you get only sums and 
differences; the original rf signal is elim-
inated. 

Examine the stages in fig. 3. All four are 
basic examples of balanced modulators. 
In fig. 3A the rf input is fed to the triode 
tubes in parallel. The audio is applied in 
push-pull, and the output is taken in push-
pull. The balanced modulator in fig. 3B 
has the audio applied in parallel and the 
rf in push-pull. The output is taken in 

whatever degree and at whatever rate the 
audio input is unbalancing the bridge. The 
result is a double-sideband output as you'd 
expect from any diode mixer, but with the 
rf carrier suppressed. 

The fig. 3D-circuit is called a ring modu-
lator. It gets that name from the way the 
diodes are wired—in series with each 
other. 

In a ring modulator, the output can be 
taken in either mode, just as long as the 
rf and audio are applied in opposite 

fig. 4. Most popular 
diode balanced mod-
ulator is form of ring 
type. This one is de-
signed so it can be 
driven by audio and 
rf signals from sin-
gle-ended amplifier 
stages. 

parallel. In both configurations, the rf sig-
nal is canceled from the output, but modu-
lation (the sidebands) remains. 

Diodes are much more popular than 
tubes in modern commercial ssb transmit-
ters. Semiconductor diodes are smaller, 
cheaper, and generally more dependable. 
They don't unbalance as easily as tubes 
do. Figs. 3C and 3D show the two chief ar-
rangements. 

The first, fig. 3C, is a bridge. The anodes 
of two diodes are tied together, as are the 
cathodes of the other two. The push-
pull/parallel rule holds here, too. The 
audio is fed to the bridge at points that 
unbalance the diodes ability to conduct. 
The unbalancing is in step with the audio 
frequencies. The rf, on the other hand, is 
fed to the bridge at balance points—the 
diode branches are alike between them. 
Rf is eliminated from the output except to 

modes. In this one, the audio is in the 
same mode as the output—push-pull. The 
rf is applied in parallel, being fed in at 
the center taps of the audio and output 
transformers. The output is a dsbsc signal. 

adjusting a balanced modulator 
The balanced modulator adjustments 

are probably the most critical ones in 
your transmitter. Slight misadjustment de-
teriorates your on-the-air sound and cuts 
your PEP output. Yet the principle of what 
must be done is simple. 

The most popular ring modulator today 
is shown in fig. 4. Several commercial sets 
use it. It's a diode ring modulator, but 
its arrangement is ingenious. 

Points A and C of the diode ring are 
the feed points for the audio signal. With 
point C grounded, a single-ended audio 
signal can be applied to point A. 
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The carrier signal comes from a single-
ended stage, too, but the way it's handled 
applies it to the diode ring 90° out of 
phase with audio. (That's in effect what 
the push-pull/parallel feed does, loo.) The 
rf is applied this way by keeping the out-
put transformer primary and input divider 
R1-R2-R3 above ground for audio but at 
ground for rf. Capacitor C4, with trimmer 
C3, does the grounding. Points A and C in 
the diode ring are both at rf ground (no-
tice C5). 

The output is taken through T'l. C6 
blocks audio from reaching T'l. The 
double-sideband output signal is coupled 
to an ssb filter. The carrier that formed 
the sidebands is canceled. 

The adjustments for balance are labeled 
in fig. 4. The diodes must first of all be 
pretty well matched; if you replace one, 
either carefully match the new one to the 
other three or pick four matched new ones. 
(You can match them yourself with an 
ohmmeter. Just be sure that all forward 
readings are about the same, and that 
all backward readings are beyond 100k. 
The forward reading is the most important 
one for matching.) 

Align R2 and C3 with no modulation. 
Trim them for minimum rf output. The 
driver is a handy monitor point, usually. 
Adjust the potentiometer first, then the ca-
pacitor. They interact some, so go back 
and forth a few times. 

complete ssb alignment 
Now you have the fundamentals you 

need for a proper job of aligning your ssb 
equipment. If you don't understand what 
you're doing, you might wind up high and 
dry if you run into trouble. The job isn't 
difficult, but it can confuse the uninitiated. 

Next month, I'll show you the entire 
alignment procedures for a couple of ssb 
transmitters. They are typical ones, chosen 
because they demonstrate several different 
kinds of adjustments. I'll also take you 
through the adjustment of a high-power 
linear amp, just in case you have one in 
your shack or one turns up on your repair 
bench. 

ham radio 
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tropospheric-duct 

communication 
This article is being written with the antici-
pation that I will have worked KH6EEM on 
144 MHz by the time it is printed and that 
the subject will then be of current interest. 
I have been greatly interested in tropospher-
ic duct communication ever since the sum-
mer of 1957 when John Chambers, W6NLZ, 
at Palos Verdes Estates, California worked 
Ralph Thomas, KH6UK, at Kahuku Point, 
Oahu on 144 MHz. My professional experi-
ence on the subject has been with the Radio 
Meteorology Section of the National Bureau 
of Standards under Bradford Bean. My Mas-
ter's thesis from Utah State University, 
"The Effect of the North Pacific Trade Wind 
Inversion on Long Range VHF Radio Com-
munications," furnished most of the data for 
this article. I will assume that you have, or 
will, read two Q5T articles on the subject 2 

and will go on from there. 
The troposphere is the domain of the 

weather. It extends to a height of about 4 to 
12 miles and is composed primarily of nitro-
gen, oxygen, argon, water vapor and carbon 
dioxide with traces of neon, helium, kryp-
ton, nitrous oxide and xenon in descending 
order of occurrence. With the exception of 
water vapor the tropospheric constituents 
are fairly well mixed by convection from the 
sun-warmed surface of the earth. 

The mixture of gases in the troposphere 
near the surface of the earth is very slightly 
magnetic with a relative permeability, nT, of 
1.0000004. The relative dielectric constant, 

is much more important for the propaga-
tion of radio waves, being about 1.0006. The 
dielectric constant is greater than unity be-
cause an electric field creates a dipole mo-
ment in the component molecules by shift-
ing their charge centers slightly from their 
equilibrium positions. The refractive index, 
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n, the square root of the product of the per-
meability and the dielectric constant, is 
about 1.0003 near the surface of the earth. 

Since the refractive index is so close to 
unity it is more convenient to use the re-
fractivity, N, which is the difference between 
the refractive index and unity multiplied by 
one million. Refractivity due to the gases 
other than water vapor is proportional to the 
molecular density. Water forms a polar 
molecule, however, which is one with a per-
manent dipole moment. Ordinarily the water 
molecules have random orientations and no 
net field. Under the influence of a radio fre-
quency field the water vapor molecules be-
come partially aligned, vibrating with the rf 
field, and the net result is an increase in re-
fractivity proportional to the density of 
water vapor molecules divided by the abso-
lute temperature. The refractivity may be de-
termined from the following formula: 

N = (n — 1) X10 , ! 
77.6P 3.73 X 105e 

T2 

where P is the total atmospheric pressure in 
millibars, e is the partial vapor pressure in 
millibars, and T is the absolute temperature 
in degrees Kelvin. The vapor pressure may 
be determined from the dew point by refer-
ence to standard meteorological tables or 
from the mixing ratio, w, by the following 
formula, 

e =- 623 
w 

+ 1 

The form of the refractivity equation is 
theoretical; the first term is due to the in-
d u c e d dipole moments of all the component 
molecules, and the second term is due to the 
permanent dipole moments of the water va-
por molecules. The constants are based on 
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experimental data.4 The refractivity formula 
is accurate to 30 GHz or higher; the atmos-
phere is not dispersive for radio waves. At 
higher frequencies (in the infrared) the 
water vapor molecules can no longer keep in 
step with the fields, and no longer contrib-
ute to the refractivity. The refractivity for 
visible light is just the first or dry term. 

Atmospheric pressure decreases exponen-
tially with height. Since the dry term of the 
refractivity equation is dominant, the refrac-
tivity of a well-mixed atmosphere decreases 

thousand feet or less through a temperature 
inversion that has trapped water vapor, and 
such a discontinuity may reflect or refract 
vhf and uhf radio waves. 

The change of refractivity in a given dis-
tance is called the refractivity gradient. The 
path followed by a radio ray in the atmos-
phere is dependent upon its elevation angle 
and the refractivity gradient along the path. 
Usually only the vertical component is con-
sidered, and the atmosphere is assumed to be 
horizontally homogeneous. For rays with ele-

-io o 10 eo so 
TEMPERATURE OR DEW POINT CC) 

fig. 1. Upper-a i r sounding a n d der ived refractivity plot for weather sh ip N, 1200 gmt, July 9, 1957, s h o w s pro-

nounced tropospheric duct. The plot on the left, water vapor, may be read as dew point or as mixing ratio in 
parts per thousand. The center plot is of temperature, while the plot on the right is refractivity, N. 
The slope of the dotted line should be — 157 per km, 

almost exponentially with height. However, 
under certain conditions, the refractivity 
may deviate greatly from the smooth expo-
nential decrease in the lower 12,000 feet of 
the atmosphere. 

The nominal rate of decrease of tempera-
ture with height in a well-mixed atmosphere 
is about 2.2° C per thousand feet (3.9° F). A 
greater rate of decrease would promote rap-
id convection; a slower rate of decrease 
would inhibit convection. An increase of 
temperature with height is called a tempera-
ture inversion. One effect of temperature in-
versions is to trap water vapor and/or at-
mospheric pollutants. The radio refractivity 
may decrease rapidly within the space of a 

vation angles below 5° or so, the curvature 
of the ray is equal to the negative refractiv-
ity gradient. 

Thus, when the negative refractivity gra-
dient is equal to 48 per 1000 feet or 157 per 
kilometer, the curvature of the ray equals 
that of the earth, and a ray launched paral-
lel to the earth wi l l follow the earth's curva-
ture. Negative gradients of greater value are 
called ducting gradients. A duct is formed 
between the maximum and minimum heights 
at which a ray may be parallel to the earth— 
unless the minimum height is zero; in this 
case the ray need be horizontal only at the 
maximum height. These heights can be-
found by raytracing using Bouger's rule: 
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n r cos o = K 

Where r is the distance from the center of 
the earth, 8 is the elevation angle, and K is a 
Constant for any given ray called the char-
acteristic. (Note the difference from the for-
mula given in the August, 1969, propaga-
tion column3 . In that case it was elevation 
angle vs angle of incidence.) 

There is a more simple technique for de-
termining duct height—by graphical con-
struction on a plot of h vs N. A line with a 
slope of —157 per km is constructed tangent 
to the h-vs-N plot at the maximum height of 
the ducting gradient. The line either inter-
sects the h-vs-N plot or the ground at the 
bottom of the cut. In the first case it is called 
an elevated duct, and in the latter, a ground-
based duct. 

Normally a duct is formed with both a 
temperature inversion and a sharp lapse of 
water vapor content. However, if the water-
vapor content remains constant, the neces-
sary temperature gradient is 92° per km or 
28° per thousand feet. On the other hand, 
if the temperature is held constant, the nec-
essary drop in water-vapor content (mixing 
ratio) is 16.4 grams of water per kilogram of 
dry air per km, or 5 gm kg/thousand feet. 
The latter situation is the more likely. 

The variation of dew point temperature 
and refractivity with atmospheric pressure 
is shown in fig. 1. The first two parameters 
were obtained from a weather bureau pseu-
doadiabatic* chart which was derived from a 
radiosonde weather balloon sounding over a 
weather ship midway between San Francisco 
and Honolulu during the first California-to-
Hawaii troposheric contact on 144 MHz. 

This pseudoadiabatic chart has 4 scales. 
The horizontal lines are the total atmospheric 
pressure in millibars. The vertical lines are 
temperature and dew point in degrees centi-
grade. The almost vertical lines are mixing 
ratio in grams of water vapor per kilogram 
of dry air. The lines at almost 45° are the 
the dry adiabats, lines of constant poten-
tial temperature are in degrees Kelvin. 

* Pseudoadiabatic refers to variations in volume or 
pressure accompanied by loss of heat which is due to 
the immediate dropping out of all condensed material 
as soon as it is formed; used in reference to the cool-
ing of rising air in which precipitation occurs. 

At the time the chart of fig. 1 was plotted, 
the surface temperature was 21° Centigrade; 
this corresponds to a potential temperature 
of about 292° Kelvin (at 1000 millibars). 
Free circulation to a pressure level of 876 
millibars, the base of the temperature inver-
sion, is indicated. 

Note that the height scale on the right de-
pends on surface pressure and the variation 
of temperature with height. The height scale 
plotted is for a surface pressure of 1013 mb 
and a standard atmosphere. Since the surface 
pressure was 1026 mb the true heights are 
higher than indicated. 

Note that the temperature inversion ex-
tends from 1200 to 1800 meters. However, 
only the initial decrease in water vapor con-
tent between 1200 and 1340 meters is rapid 
enough to produce a ducting refractivity 
gradient (—252/km in this case). The exten-
sion of a line of slope —157 km from 1340 
meters intersects the h-vs-N plot at 850 
meters. Thus, the duct is about 490 meters 
thick and extends 350 meters below the tem-
perature inversion. 

Assuming that a signal has somehow got-
ten trapped in the duct {perhaps the source 
was a low-flying aircraft inside the duct), it 
may travel hundreds of miles with little at-
tenuation. Note, however, that most of the 
energy radiated by our hypothetical source 
wil l escape. At most, rays with elevation 
angles between + V20 and — V20 wi l l be 
trapped. 

In future articles, I wi l l describe the fre-
quency dependence of tropospheric duct 
communication, climatology of the trade-
wind belts, and weather observations during 
some long-distance vhf communications be-
tween California and Hawaii. 
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super two-meter preamp 

tebook 
two-meter converter, the 2M5397 preampli-
fier was designed to mount as close to the 
antenna relay as possible. This is the reason 
for the lype-N input connector. 

The new Siliconix 2N5397 fet makes noise 
figures of 1.5 to 2 dB commonplace at "M4 
MHz. Although the 2N5397 is priced at 
S8.50 in small quantities, its performance 
and ease of operation make it well worth it. 
The 2N5397 was designed for vhf use, and 
it works well beyond 500 MHz, but that's 
another story. I was mainly interested in 
144 MHz operation because a 1.5 dB noise 
figure is needed for moonbounce. 

At the suggestion of the designer of the 
device, I tried it in a grounded gate config-
uration (fig. 1). Much to my delight, the cir-
cuit performed better than anything I have 
ever had the opportunity to use, or measure. 
One glance at the schematic will show you 
that it is as "super simple" as you can get. 

Since I already have a high-performance 

144 MHl 
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C I , C2 

L1 

L2 
L3 

t>+&v bottom 
view 

1.7-14.1 pF air variable (E. F. Johnson 189-
505-5) 
5 turns no. IS, 3/6" diameter, 3/4" long, 
tapped at 1-1/2 turns from cold end 
4-3/4 turns no. 16, 3/8" diameter, 1/2" long 
2 (urns no. 20 insulated around cold end of 
L2 

fig. 1. High performance grounded-gate fet pream-
plifier for two meters. The 2N5397 is mounted in an 
IERC mounting clip type TX8E-019-021B or TXB2P-
019-028B. Case and gate leads of the fet are soldered 
together. 

I built my preamp on a 2x25/o-inch piece of 
copperclad printed-circuit board with a 
1 % x 1'/a-inch shield, and then fitted into a 
23A x 2Vs x 15/a-inch minibox. I prefer this 
type of construction because it provides 
good grounds. 

It's my opinion that the fet mounting is 
important to obtain optimum performance. 
IERC makes a TO-18 heat sink that can be 
soldered directly to the chassis; this is an 
ideal way to ground the fet case. The gate 
lead is soldered to the case lead to provide 
a good ground for the gate. 

Tuneup is very simple. First apply + 1 2 
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volts, and adjust R1 for 5 mA drain current. 
Next, feed in a 144-MHz signal and tune C I 
and C2 for maximum output. Carefully ad-
just the position of L3 for maximum output, 
and readjust C2. 

The gain of this fet preamplifier should be 
greater than 10 dB, and more likely, 15 dB. If 
you have a way of measuring noise figure, 
adjust the lap on L I for best noise figure. 
If you don't have any noise-figure equip-
ment, the tap shown in fig. 1 will give good 
performance. 

Ken Holladay, K6HCP 

KBHCP's super two-motor preamp is buitt on a 
smalt piece of copper-clad board, and then 
mounted in a minibox. 

improved sidetone 
operation for the 
SB301/401 

After using my new Heath SB-301/401 
combination for several weeks, I found 
one thing that was evidently overlooked— 
the sidetone monitoring system works 
through the speaker only, even with the 
earphones plugged into the phone jack. 
To make the sidetone monitoring com-
patible with earphone operation only in-
volves the installation of a jumper from 
the 500-ohm anti vox jack to the spare 
jack diagonally across from it on the rear 
apron of the SB-3G1 receiver. The bus-wire 
jumper should be installed inside the 
chassis. 

To complete the modification, it is also 

necessary to change the interconnecting 
audio cables that are used between the 
receiver and transmitter. The cable from the 
speaker is now connected to the speaker 8 
ohm jack on the SB-301. The speaker jack 
on the SB-401 is connected to the newly 
wired spare jack on the SB-301. The revr 
audio jack on the SB-401 is no longer used. 
Oilier interconnecting cables are the same 
as before. With this simple modification, 
it is possible to use the sidetone monitor-
ing system through either the earphones or 
the speaker. This modification should also 
work with the earlier SB-300/400 combination. 

Don Bennecchi, W1WLZ 

simplified balun 

An antenna with open ends is a balanced 
system. Feeding it directly with coax (unbal-
anced feeder) causes rf radiation on the out-
side of the coax. The usual detuning sleeve 
(bazooka), a 1-to-1 transformer, requires a 
rather elaborate metal sleeve an electrical 
quarter-wavelength long. This balun has no 
effect on the impedance of the line or an-
tenna. It only keeps radiation from coming 
back down the outer shield of the coax. 

This sleeve can be considerably simplified 
by using kitchen aluminum foil wrapped 
wilh plastic electrical tape along its entire 
length (fig. 1). The sleeve is shorted to the 
coax shield at the end away from the anten-
na; the antenna end remains open. 

Richard Mollentine, W A 0 K K C 

tig. 2. Simplified balun us-
ing aluminum foil. 

ALUMINUM FOIL 
( M P C TO OUTSIDE 
OF COAX) 

SHORT CIRCUIT 
FOIL TO 8/MID, 
MERE ONLY 
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low-loss coax 

When I apparently wasn't getting out of my 
own backyard with a new antenna installa-
tion on two meters I was a little suspicious 
of that "new manufacture" RG-11/U I was 
using. I used a 200-watt bulb to check out 
the coax—when connected directly to the 
transmitter output connector, it was lit to 
full brilliance; when the coax was put be-
tween the bulb and the transmitter, the 
bulb barely glowed. 

The solution was a section of home-
made low-loss coaxial line. A 20-foot 
length of V2-inch rigid copper pipe was 
used for the out conductor; a length of 
aluminum clothesline wire (about no. 9) 
serves as the center conductor; teflon 
washers spaced every 8 inches keep the 
center conductor centered in the pipe. 

Impedance is about 72 ohms and there is 
almost no loss. The assembly is strong 
enough to support small antennas (like a 
coaxial dipole) and is unaffected by rain; 
lateral support is provided by three nylon 

guys-
Gus Gercke, K6BIJ 

a method for remote keying 
your transmitter 

If you're tired of those endless trips up 
and down the tower to turn the transmit-
ter on and off for swr checks, you'll be 
interested in this gadget. All you need is 
a two-conductor phone plug, a spare 
length of coax long enough to reach from 
antenna to transmitter (or any other two-

conductor cable that's long enough), an 
spst toggle switch and some electrical 
tape. Connect the phone plug to one end 
of the coax, the spst switch to the other 
end and tape the switch terminals. Put 
the phone plug into the cw key jack on 
your transmitter and operate the switch 
to be sure everything is working properly. 

Now load your transmitter into a good 
dummy load; exchange the dummy load 
for the transmission line to your antenna, 
and take the remote-keying line and swr 
bridge up to the antenna location. This is 
the procedure I use for keying my trans-
mitter from the roof when tuning up the 
gamma match on my 6-meter Yagi. 

Fred Hock, WA3HDU 

wind-protected crank-up 
tower 

After building the anemometer described 
by W6CXN in the June, 1968 issue of ham 
radio, I decided to carry the project one 
step further. I replaced the conventional 
1-mA meter movement with an instrument 
that has a set of contacts that may be 
used for external control. The contacts are 
adjusted so they close at some pre-deter-
mined wind velocity—this picks up a latch-
ing relay that controls the tower motor. 
With this setup the tower is lowered auto-
matically when the wind exceeds a cer-
tain level. 

Simpson and API both build adjustable 
meter relays that can be used for this 
application. Although these instruments 
are fairly expensive, you can often find 
surplus units with the necessary contacts 
to control the remote relay. When the me-
ter needle reaches a pre-determined set-
ting, the magnetic contacts in the meter 
lock the contacts together, closing the 
latching contacts and operating the re-
mote relay to control the tower motor. 
You could even use the extra set of con-
tacts to indicate if the tower is up or 
down. 

E. C. Sherrill, K6JFP 
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beams 

The new monoband Mini-beams from 
Mosley Electronics, Inc. are designed lo 
conserve bolh space and money. These 
mininature three-element beams for 10 and 
"15 meters use elements that are 6 to 8 feet 
shorter than their full-sized counterparts; 
furthermore, they weigh about one-third 
less. The MB-10 Mini-Beam for 10 meters 
weighs about 6V2 pounds; the MB-15 for 21 
MHz weighs 9 pounds. Because their light-
er wind loading puts less strain on tower 
and rotor, a less expensive rotor can be 
used. The new Mini-Beams feature a gam-
ma matching system, time-tested Mosley 
boom-to-mast clamping arrangement, high 
grade aluminum tubing, high impact 
polystyrene clamping blocks and stainless 
steel hardware. Rated for 500 walls cw or 
1 kW PEP ssb. For more information, write 
to Mosley Electronics, Inc., 4610 North 
Lindbergh Boulevard, Bridgeton, Missouri 
63042. 

six-meter linear 

The Raytrack Company has just intro-
duced the Horizon VI L, a 2000-watt PEP 
linear amplifier for operation on the ama-
teur 50-MHz band. The amplifier uses two 
zero-bias grounded-grid 3-5Q0Z triodes, op-
erated in class B for maximum efficiency. 
The linear uses a separate heavy-duty 
solid-state power supply, an adjustable ale 
network that is compatible with most 
standard equipment, a relative output in-
dicator, and exciter feedtlirough provided 
by the flip of a switch—no need for addi-
tional switching when you want to oper-
ate with just the exciter. When you want 
to put the linear on, the fast-heating 3-
500A's are ready lo go in a minimum 
amount of time. The Horizon VI L is easily 
driven to full output by 100-vvatt PEP six-
meter transmitters. Unit can also be used 
on cw, a-m and RTTY. $595 including pow-
er supply from your local dealer, or write 
to Raytrack Company, 3498 East Fulton 
Street, Columbus, Ohio 43227. 

experimenters bulletin 

If you're a lypical basement eleclronics 
experimenter, you'd probably enjoy reading 
The Australian EEB, an informal electronic 
experimenters bulletin published aboul eight 
limes a year. Edited by VK7RG and VK7ZAR, 
it is an experimenter's magazine, but not 
necessarily a construction manual—it con-
tains many constructional projects, but also 
many common sense observations on tech-
nique. It is a magazine which ranges over a 
wide field of interests in electronics, and 
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provides a voice for experimenters who have 
ideas, and who want to tell others about 
them informally, by letter or by article. The 
style is very casual, and the format hap-
hazard but easy to read and enjoy. Topics 
covered in the past include diode and tran-
sistor testing, meter protection, printed cir-
cuit techniques, transistorized voltmeters, 
Q-niultipliers, oscillators and a complete ser-
ies on transistorized transmitters. Current 
issues are loaded with common sense ideas 
for receiver and mixer stages. Subscriptions 
are $1.80 per year and well worth il. Write 
to The Australian EEB, P. O. Box 177, 
Sandy Bay, Tasmania 7005, Australia. Sample 
copies are available. 

rf power transistors 

V 

Motorola Semiconductor is currently de-
veloping a series of transistors and inte-
grated circuits for the microwave region. 
The first devices to be made available are 
characterized as oscillators and ampli-
fiers. Oscillator transistors in the series are 
the MM8008, 8010 and 8011. The MM8008 
develops a minimum of 300 mVV at 2 GHz 
and more than V2 watt at 1.5 GHz. The 
MM80I0 and 8011 have somewhat lower 
power outputs. 

These transistors are housed in the wide-
flange T0-107 case shown in the photo. 
This package provides both convenient 
mounting and efficient heal transfer in 
resonant cavities and is less costly than 
conventional coaxial packages. A specific 
feature of these oscillator transistors is 
their low noise generation; in oscillator 
service, a signal-to-noise ratio of better 
than 80 dB can be obtained. 

The second series of rf transistors is de-
signed for class-C service in the l -GHz 
range. The MM4430 is capable of 2.5 

watts output at 1 GHz with 6 dB gain; its 
1-VV counterpart is the MM4429. These 
transistors are packaged in a ceramic 
package with low inductance stripline 
leads. The stripline opposed emitter (SOE) 
package has emitter leads on opposite 
sides of the package. This provides isola-
tion between the base and collector leads 
and permits low inductance grounding. 

Two other transistors which may be 
used as either oscillators or amplifiers in 
the 1 GHz region are the 2N5108 with 1 
wait output and 5 dB gain at 1 GHz, and 
the MM8009 with slightly less output. 

Informed sources at Motorola indicate 
that rf transistors due to be introduced by 
late this year include power transistors 
with 5-watt capability up to 2 GHz and 
10 watts at 1 GHz. For more information 
on these new microwave power transistors, 
write to Technical Information Center, 
Motorola Semiconductor Products, Inc., Box 
20924, Phoenix, Arizona 85036. 

complementary audio 
transistors 

Motorola has just announced two pairs of 
low-cost plastic encapsulated silicon tran-
sistors for use in 20- and 35-watt comple-
mentary audio amplifiers. The four tran-
sistors use Motorola's Thermopad package 
for easy mounting and efficient heat 
transfer. The 5-amp npn M)E205 and pnp 
MJE105 will dissipate up to 65 watts, and 
exhibit current gain of 25 to 100 at a col-
lector current of 2 A. An application note 
describing their use, "A 20-Watt Amplifier 
with Complementary Symmetry Thermopad 
Silicon Power Transistors," AN433, is avail-
able at no charge. 

The npn MJE2801 and pnp MJE2901 are 
10-amp transistors with 90-watt power 
dissipation and high current gain of 25 to 
100 at a collector current of 3 amps. An 
application note describing their use in 
35-watt amplifiers is available (AN427). 
For more information, write to the Techni-
cal Information Center, Motorola Semi-
conductor Products Inc., Box 20924, Phoe-
nix, Arizona 85036. 
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Dear HR: 
Concerning the July ham radio editorial 

on antennas, my only worry is for sincere 
experimenters who want to try Bonadio 
antennas. They may be discouraged by 
knowledgeable engineers who "know" that 
these antennas are onfy, "norma! anten-
nas—nothing special about them. Any ex-
pert engineer can see that; he does not 
have to try them," 

Actually, the last great frontier in iono-
sphere propagation is in the approximate 
88 dB between excellent skip and the un-
readable level. Engineers have insisted to 
me, "A wave is a wave, is a wave, and 
they all propagate alike." However, we 
know that polarized light reflects at dif-
ferent rates from different surfaces, and in 
different angles, and in different densities 
in propagation, and when detected after 
reflection and refraction the light-wave 
losses can vary by 50 dB from maximum 
to minimum. 

My experiments suggest to me that 
waves from my antennas, in overseas con-
tacts, propagate with less losses only when 
the path losses are significant. I inter-
polate differences of + 1 0 dB commonly, 
+ 2 0 dB frequently, +30 dB occasionally 
and once in awhile, apparently +40 dB. How-
ever, when ionospheric skip is wide open, 
my antenna is only equal to a Hertz an-
tenna which is, then, very satisfactory. 

The last two DX cards I received Were 
from PV1DMS, in Rio, on 40 meters, who 
gave me S9+5 while I never could read 
him to hear my report, (about 45 dB be-

tween us) and from PY1DEH, in Guana-
bara, on 15 meters. He gave me S9+10 
but never was better than readability 2, 
and I had to wait for the card to find a 
report (about 50 dB between us). 

This is a problem. While they hear me 
well, I have all I can do to hear them 
over the cosmic noises. Its a little like be-
ing on the same side of one-way skip 
most of the time. 

Meanwhile, every one of 157 antenna 
manufacturers have turned me down, yet 
none experimented with the ionosphere in 
the circuits under test. This is like my 15 
months in Africa where I avoided the lo-
cations of elephants, being proof to me 
that there are no elephants in Africa. The 
excellent performance characteristics of my 
antennas are particularly apparent when the 
ionosphere is the most lossy, so tests without 
including the ionosphere can not be valid. 

I am pleased to think that amateurs 
can enjoy these antennas alone for years 
before the commercial interests admit that 
amateurs developed and proved out some-
thing that the commercials had overlooked. 
We need these occasions to justify our occu-
pying the spectrum. 

George A. H. Bonadio, W2WLR 

"If you'd use a 20,000-ohm resistor instead of 10,000 
ohms, the 1 mA change in plate current will develop 
20 volts, giving you a nice increaie in amplification." 
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Spring and early summer seems to be the 
traditional time to install a new antenna (for 
most sensible people—1 always seem to wait 
until winter's first real blizzard). Magazines 
often feature antenna articles in the spring, 
and it's great to get outside and try out new 
ideas. In the fall, the new antenna is given 
a final inspection and maintenance is per-
formed to ensure that it will withstand the 
rigors of coming winter storms. 

Regardless of when you work on an an-
tenna installation, a very real physical risk is 
involved. When you climb a tower or a 
steeply pitched roof, one incautious moment 
can end in tragedy. With winter just around 
the corner, many amateurs will be thinking 
about winterizing their antennas. I'd like to 
offer a word of advice: observe safety rules 
and use the buddy system, even though you 
may have to climb only fifteen feet. 

Here's a true story about a ham in Cali-
fornia who was making antenna adjustments 
alone. The guiding forces that protect drunks 
and other foolish creatures must have been 
operating in this instance, because this fellow 
lucked out. Others may not be as fortunate. 

Bill G. (not his real name, of course) de-
cided to work on his antenna one afternoon. 
Coaxial cable needed replacing and some 
soldering was necessary. Bill started up a lad-
der laden with 70 feet of coax and a 50-foot 
extension cord looped around one shoulder. 
Over this was looped a leather holster full 
of tools. A bag of hardware was tied to the 
bottom of the tool holster. Bill climbed over 
the end of the ladder and started up the steep 
roof. No problem here: he'd done this many 
times before. But he didn't account for one 
important factor. A typical Southern Cali-
fornia breeze, about 15 knots, was blowing 
in from the ocean. 

When Bill reached the base of the antenna 
mast, he was standing on the peak of the 

a second look 
LA 

roof, which offered very little footing. You 
can probably guess what happened next. 
The weight of gear and tools on one side of 
his body, plus the wind forces, caused him 
to lose his balance. Friend Bill, tools, cable, 
and hardware started down the roof toward 
the ground 30 feet below. Somehow the coax 
cable wrapped itself around one of the 
standpipes on the roof, and Bill ended up 
dangling over the edge of the eves. Thanks 
to the strength of the cable and short over-
hang of the eaves, Bill managed to reach the 
ground by going down the side of the house 
rappel fashion. (Antenna work was suspended 
for the rest of the day.) 

It is easy to overlook safety precautions 
when you're preoccupied with the problem 
at hand, when you're in a hurry, or if you're 
tired. Climbing a tower or roof should never 
be attempted without another person stand-
ing by to give aid or summon help. Profes-
sional tv antenna installers, for example, 
never work alone. Insurance companies and 
common sense forbid it. 

Overconfidence when working on high 
structures is probably the greatest cause of 
accidents. Our California friend had been on 
his roof many times during the weeks pre-
ceding the accident. He felt almost as much 
at home working on his roof as in his work-
shop. The first time up, he took every possible 
precaution. But as he became familiar with 
the situation, he became careless. Result: 
near disaster. 

The consequences of a 30-foot fall can be 
just as permanent as a jolt from a 3-kV power 
supply. When you work on your antenna this 
fall, remember the tale about our colleague 
who almost ended up a statistic. Be careful, 
and use the buddy system. 

Jim Fisk, W1DTY 
editor 

4 HjJJ november 1969 



photo courtesy RCA 

what's this 
we hear 

about 

op amps? 
If you have been keeping up with the cur-
rent electronics literature, you've surely 
seen articles on the integrated circuit opera-
tional amplifier. Perhaps you've wondered 
just what it is and what it can do for you. 
The fact is, it can do just about anything 
you wish, and do it better than conventional 
circuits. 

Tube versions of the op amp have been 
around for a long time. They were original-
ly used in analog computers to perform 
mathematical operations such as addition, 
subtraction, and averaging. The main objec-
tion to these circuits was their huge physi-
cal size. Recent advances in solid-state 
technology have produced op amps, at very 
reasonable cost, with active elements 
formed on a single chip of silicon. A com-
plete amplifier now occupies less space than 
many of the discrete components used in 
the original tube circuits. 

The IC op amp is so useful in amateur 
radio applications that I've prepared this ar-
ticle to acquaint you with it. The first part 
of the article discusses some of the more 
popular circuits and gives the equations de-
scribing the relationship between input and 
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output. Then comes a ciescriplion of the op 
amp's gain characteristics. The last part of 
the article is devoted to some applications 
you'll find useful around the amateur sta-
tion. 

typical circuit 
The input stage of the op amp is a high-im-

pedance differential voltage amplifier. This 
is followed by other voltage amplifiers. The 
output stage is a low-impedance power am-
plifier, 

Fig. 1 shows a typical circuit. Resistor Rf 

feeds the output to the negative input, 
which is sometimes called the summing 
junction. The negative input is isolated 
from the driving signal, E,, by resistor R(, 
which represents the circuit's input resis-
tance. The negative input is 180 degrees out 
of phase with the output and is at ground 
potential. Under these conditions, no cur-
rent flows into the amplifier, because the 
current in Rf and R, is equal and opposite. 
Ohm's law says that the output voltage, E,„ 
is related to the input voltage, E,f in the 
same proportion as the values of Rf and Rt. 
The negative sign in the equation of fig. 1 
means that the phase has shifted 180 de-
grees. 

fig. 1. Typical operational amplifier circuit, A, and 
block diagram of its three stages, B. Many arrange-
ments of feedback elements are possible. 

Ei 

definitive examples 
The following op amp circuits are ideal 

representations. Nothing is perfect, of 
course, but I've used examples of a perfect 
amplifier to provide definitive examples. A 
perfect amplifier would have these charac-
teristics: 

1. Infinite open-loop gain. 

2. Infinite input impedance and zero out-
put impedance. 

3. Zero response time (the output 
changes simultaneously with changes 
in input). 

4. Zero offset. With no voltage between 
the input terminals, the output volt-
age will be zero. 

photo courtesy Motorola 

The Integrated-circuii chip used in the Motorola 
MC1S35 dual operational amplifier. 

The important things to remember about 
these characteristics, which are called sum-
ming junction restraints, are: 

1. No current flows at either positive or 
negative input. 

2. Both inputs are at the same potential, 

open-loop operation 
No feedback is used in the circuit of fig. 

2A. The amplifier is running wide open. If 
the input is other than zero, the amplifier 
will be driven into saturation. It isn't often 
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used in the open-loop mode because of prac-

tical considerations. One use, however, is in 

a voltage comparator circuit. If two ac volt-

ages are applied to the input, the open-loop 

amplifier will follow their potential differ-

ence. As the voltage on the positive termi-

nal changes from that on the negative ter-

minal and vice versa, the amplifier will 

swing as far as its supply will allow. 

fig. 2. Three common op amp circuits. An 
open-loop circuit is shown in A, useful as a 
voltage comparator. B and C are inverting 
and non-inverting amplifiers, 

0 

9 

inverting and noninverting amplifiers 
Two widely used arrangements of the op 

amp are illustrated in figs. 2B and 2C. In the 

circuit of fig. 2B (which is the same as that 

of fig. 1), the output signal is inverted 

with respect to the input. If a square wave, 

for example, with positive-going pulses is 

applied to the input, the output pulses will 

be negative. Gain will be proportional to R f 

and Rj. The sign in the right-hand member 

of the transfer function (relationship of in-

put to output) will be negative because of 

the 180-degree phase reversal. 

In the noninverting circuit of fig. 2C, in-

put and output are in phase, which accounts 

for the plus sign in the equation. 

voltage follower 
A variation of the noninverting amplifier, 

the voltage follower, is shown in fig. 3A. 
Note that the output is connected to the 

negative input. The positive input is driven 

directly by the input signal, Ej. Output is 

equal to input: a unity-gain amplifier. This 

circuit is used for following voltage refer-

ences. The limitations of the cathode follow-

er (or emitter follower in transistor circuits) 

are minimized. 

transducer, adder, subtractor 
The circuit of fig. 3B is a current-to-volt-

age transducer. It can be used to drive a 
meter, recorder, or other voltage-operated in-

dicating instrument from limited current 

sources. 

Voltage inputs are added directly in the 

summing amplifier of fig. 3C. The op amp is 

shown here in one of the operations for 

which it was originally used. Each input 

may be weighted by using different resistor 

values. Input weighting is proportional to 

the gain of the particular input: Ex will have 

a weight of 2 if R f = 2k and R i = 1k. If 

R 2 = 500 ohms, E2 will have a weight of 4. 

The circuit of fig. 3D is sometimes called 

a balanced input amplifier or symmetrical 

subtractor (difference amplifier). It's used 

when neither side of the signal being ampli-

fied is at ground potential, as across a cur-

rent-sensing resistor. Other inputs may be 

added where inputs to the negative termi-

nal are additive, and those to the positive 

terminal are subtractive. 

integrator and differentiator 
By using a capacitor in the feedback loop 

(fig. 4A), the op amp may be used to inte-

grate voltage waveforms. When the capaci-

tor is in the input, fig. 4B, the signal is 

differentiated. Both differentiator and inte-

grator, as shown, are purely theoretical. 

practical limitations 
Most errors in a practical amplifier with 

known characteristics can be calculated. If 
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fig. 3. Other examples of op amp voltage ampli-

fiers. A voltage follower is shown in A; current-to-

voltage transducer, summing amplifier, and differ-

ence amplifier are shown in B, C and 0 . 

quency. No feed-back is used. Typical 
open-loop gains are from 104 to 109 in 
commercially available amplifiers. 

2. Closed-loop gain. When feedback is 
used, the amplification is called closed-
loop gain. For reasons to be discussed, 
dosed-loop gain is rarely less then 
unity. 

3. Loop gain. This is the difference be-
tween open and closed-loop gain. Usu-
ally, errors are minimized with greater 
loop gain. 

Characteristics such as gain attenuation 
wi lh frequency (also called roll-off) and 
phase shift, which are common to all ampli-
fiers, are especially important when consid-
ering operational amplifiers. As mentioned 
previously, phase shift through the ampli-
fier must be 180 degrees when feedback is 
employed. Any additional phase shift must 
be compensated, or the circuit wil l oscillate. 

In fig. 5, gain-bandwidth characteristics 
are shown for an uncompensated amplifier 
(not necessarily typical). The phase shift 
(lag) increases as the gain is affected by 
feedback. The amplifier becomes unstable 
when the roll-off exceeds 18 dB/octave be-
cause of the 180-degree phase lag. In well-
designed amplifiers, this limit occurs below 
unity gain. Even with compensation, the 

fig. 4. Voltage waveform integration and differ-

entiation may be performed by A and B. These 

circuits are used for precise filtering. 

the amplifier is properly chosen for a partic-
ular application, these errors may be neg-
ligible or can be compensated. With an un-
derstanding of amplifier gain, frequency 
response, and phase shift, you'll be able to 
apply compensation methods to tame the op 
amp of your choosing. 

gain 
Several definitions of gain must be un-

derstood: 

1. Open-loop gain. This is the ratio of 
output-to-input voltage at any fre-
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amplifier can't be controlled when 18 dB/oc-
tave is reached; therefore, operating below 
unity gain is usually impractical. Some am-
plifiers may be difficult to control at gains 
slightly above unity. 

Output limiting is another popular form 
of compensation (fig. 8). Amplifiers such as 
the Fairchild M709 have a special terminal 
just for this purpose (fig. 8A). The technique 
of fig. 8B is also useful. Output compensa-

fig. S. Gain-bandwidth charac-
teristics of uncompensated am-
plifier. Instability occurs as ( 

gain attenuation exceeds 18 
dB/octave because of 180° 
phase lag. ^ so 
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compensation 
Amplifier compensation will limit fre-

quency response, but roll-off and phase shift 
will be controlled. A plot of a compensated 
amplifier's response is shown in fig. 6. This 
type of presentation is called a Bode plot; it 
illustrates the limited gain roll-off (rate of 
closure with the unity-gain point in the fre-
quency response of the amplifier). 

Most op amp data sheets give enough in-
formation to make a Bode plot. This will al-
low you to analyze the results of intended 
compensation. The Bode plot is the easiest 
way of showing the characteristics of com-
pensation. 

The simplest way to stabilize an amplifier 
in which a large amount of feedback is used 
is to bypass some signal point in the circuit. 
IC op amps such as the RCA CA3047 and 
Fairchild mA702 have terminals specifically 
provided for this. Fig. 7 shows an example. 
If the bypass capacitors (fig. 7A) are in-
creased in value, the amplifier open-loop re-
sponse will shift to the left (fig. 7B). 

As the Bode pfot shows, the high-gain, 
high-frequency characteristics are very lim-
ited with this configuration. The simple ad-
dition, of a series resistor with the bypass 
capacitor will yield greater bandwidth. 

tion frequently is used to supplement some 
form of input compensation such as that 
suggested in fig. 8A. While every compensa-
tion problem is unique, we may generalize 
and say that the compensations shown 
above are required by the peculiarities of in-
tegrated circuits. 

Amplifiers using discrete components are 
internally compensated to a degree. With 
discretes, the main compensation is for out-
put loading, C L , stray wiring capacitance, 

fig. 6. Bode plot of compensated amplifier. 
Response is limited so that 180° phase shift 
occurs before unity gain is reached. 

FREQUENCY 
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and input loading, Q . Compensation tech-
niques are shown in fig. 9. This is by no 
means the last word in compensation; it's 
only intended to help you when some pub-
lished circuit won't work. 

offset error 
Among the imperfections of a practical op 

amp is the mismatch of components that pre-
vents the amplifier from having exactly zero 
output with zero input. This may wel l be 
the most serious problem you'll encounter 
in dc operation of a high-gain amplifier. The 
basic compensation methods are shown in 
fig. 10. 

input/output limitations 
Input impedance and voltage swing gener-

ally may be neglected in the conventional 
inverting amplifier shown in fig. 10. The in-
put impedance wil l be equal to the input re-
sistor, Rj, because the input is a virtual 
ground. The amount of drift may be consid-
ered a limitation of input. The simplest 
compensation for this is shown in fig. 10B, 
where a resistor is used in the positive input. 

Drift may be compensated similarly in a 
noninverting amplifier as shown in fig. 11. 
The difference here is that Rc is now the in-
put resistor. In this circuit, the input volt-
age swing is a limitation. This is called 
"common-mode voltage swing" on the data 
sheet. 

Output impedance, being some value 
greater than zero, wi l l introduce small cir-
cuit errors. It is desirable to keep Z o u t low. 

fig. 7. Compensating by bypassing. 
As capacitor values increase, A, ampli-
fier open-loop response moves to the 
left, B. 

o 

Rj ff 

the RC network in B are frequently used 
to supplement input compensation. 

fig. 9. Compensation for op amps with 
discrete components. Input loading, stray 
wiring capacitance, and output loading 
must be compensated. 

This may be done by using the greatest loop 
gain possible. A booster amplifier also re-
duces Zo l l t although such an addition prob-
ably wouldn't be considered unless the out-
put current capability is too small. The most 
common current booster is the pass transis-
tor in a precision power supply as sug-
gested in fig. 12. 

Beware of the limitation of output volt-
age swing, especially in IC amplifiers. This 
is a luxury that closely relates to the price of 
the op amp. The 30 V p-p capability of 
RCA's CA3047A is high for an IC. In a dis-
crete-component amplifier such as Fairchild's 
A00-7, the output capability zooms to 200 
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ADJUST FOR 
ZERO OFFSET 

fig. 10. Compensation for dc offset 
error in an inverting amplifier. Adjust-
able current offset compensation is 
shown in A; drift-compensating resis-
tor in B. 

V p-p. Unfortunately, the price increases by 
40 times. 

One input error that's elusive—at least to 
me—is the common-mode error. Variously 
defined, this error arises from the effect of a 
change in one input on the signal fed to the 
other input. Common-mode error is smallest 
when the common-mode rejection ratio is 
high. This error is important when differen-
tial inputs are used, or when the amplifier 
is operated in the noninverting mode * 

selection hints 
Always look for the least-expensive am-

plifier that will satisfy your requirements. 

•Slewing rate is another limitation of practical op 
amps. Briefly, it is the maximum rate of change of 
output voltage with time. It must be considered when 
pulses of fast rise time are employed. It also is a limi-
tation to using operational amplifiers at high frequen-
cies. A thorough treatment of this parameter would 
be quite lengthy; however, a careful examination of 
the Bode plot will show how slewing rate will change 
with compensation. Interested readers will find a dis-
cussion related to an integrated-circuit op amp (MC-
1530) in the Motorola Integrated Circuit Handbook, 
1968 edition, p. 10-74. Editor 

Some suggestions to guide the newcomer 
are outlined below. 

1. High loop gain is desirable. Usually 
this implies the need for high open-
loop gain. 

2. Sufficient output voltage swing and 
output current to the load must be 
considered. 

3. Offset voltage and drift must be 
checked for compatibility with your 
circuit. 

4. Offset current is particularly impor-
tant in circuits such as the current-to-
voltage converter. 

5. Common-mode voltage is important 
for noninverting and dual-input cir-
cuits. 

6. Power-supply ripple, drift, and regu-
lation are most important when the 
supply is used as a reference. How-
ever, all op amps work better with a 
high-quality supply. 

fig. 11. Drift compensation in a non-inveri-
ing amplifier. Input voltage swing is a limi-
tation; Rc is now the input resistor. 

The best over-all performance in op amps is 
obtained from those using discrete compo-
nents—in fact, tube types. The least expen-
sive and most interesting to experimenters 
are the integrated-circuit op amps. Despite 
their low cost, performance is quite good. 

construction and layout 
If you understand the parts of this article 

dealing with the ideal operational amplifier 
and the limitations of practical circuits, 
you're almost ready to warm up the solder-
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ing iron. Pirst, however, I'd like to give a 
few precautions on layout and choice of 
components. 

capacitors and bypassing 
Poor layout in an op amp circuit may 

cause its response to peak at the higher fre-
quencies. Under certain conditions, oscilla-
tion will result. The problem can exist even 
with a neat layout. In stubborn cases, peak-
ing may be cured with a mica bypass capaci-
tor (try 100 pF) directly at the noninverting 
input. This is appropriate only for an invert-
ing amplifier. The problem is rare when the 
amplifier is used in the noninverting mode. 

More frequently, oscillation results from 
improper bypassing in the power supplies. 
A 0.1-/tF capacitor on each power-supply 
lead at the amplifier socket is good practice. 
Low-inductance, laminated ceramic capaci-
tors are perfect for this. 

Capacitors can be critical in some circuits 
where low leakage is important. Dura-mica 
types are excellent for compensation pur-
poses. High values and higher precision, 

fig. 12. Increasing current output. If output cur-
rent capability is too low, a booster amplifier 
can be used to reduce output impedance. 

such as would be required for timing cir-
cuits, will call for Mylar or Polystyrene ca-
pacitors. 

resistors and diodes 
The giant called loop gain, which is re-

strained by an operational system, will 
create problems when noise and unwanted 
reactances exist. Therefore, certain precau-
tions must be observed with respect to 
other circuit components. 

Resistors must be chosen with care in sys-
tems where accuracy depends on the resistor. 

Wirewound resistors have low noise and ex-
cellent stability. However, ihey have the 
largest shunt capacitance and series induc-
tance of all types. Also they're not usually 
available in values above one megohm, and 
they're expensive. 

Carbon composilion resistors shouldn't be 

Photomicrograph of the RCA CA3033 opera-
tional amplifier. The CA3033 is the dual-in-line 
ceramic package version of the CA3047. 

. I 

photo courtesy RCA 

used where high stability is required, such 
as in the input and feedback circuits. Al-
though they produce noise, these resistors 
are inexpensive and are satisfactory in less 
critical parts of the circuit. 

Metal film resistors have excellent charac-
teristics and provide a good compromise be-
tween the wirewound and composition 
types, Their upper range is ten megohms. 
Higher resistance values are available from 
Victoreen and Pyrofilm in the form of glass-
enclosed, deposited-carbon construction. 
While there's little choice in precision resis-
tors above ten megohms, you should be 
aware that some high-resistance types are 
voltage sensitive. They're not precise at 
voltages other than their test voltage—usual-
ly 10 V. Be careful not to get dirt or perspira-
tion on these, as it may reduce their resis-
tance. 

Clamping diodes are frequently used in op 
amp circuits. Low-leakage, low-capacitance 
diodes such as the 1N914 should be used. 
Never use germanium diodesl 
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triple grounds 
Three grounds should be used: signal 

ground, power-supply ground, and chassis 
ground. This triple grounding technique is 
essential to minimize voltage drops that 

using signal ground, must not be transmitted 
through the same wire. Fig. 13 illustrates 
some basic grounding techniques; however, 
the subtleties of the ground loop aren't al-
ways easily controlled. A little experimen-

CORRECT ROUTING 

ri- POWER SUPPLY GROUND 

^ SIGNAL GROUND 

fjy CHASSIS GROUND 

NOTE: CHASSIS GROUND 
MAY BE CONNECTED TO 
SUPPLY GROUND BY A 
CAPACITOR OR RESISTOR 

INCORRECT ROUTING 

LOAD 

fig. 13. Correct routing, A, and incorrect routing, B, of load return in an op amp layout. Incorrect routing will 
cause an error in reference voltage. 

would create system errors. At some point, 
all grounds may be connected, but not nec-
essarily. Consider each system with respect 
to the voltage drops that will develop. For 
example, with high output current (load cur-
rent), the load return to power supply 
ground must be direct. The reference signal, 

tation with the preceding concepts in mind 
could lead to a better solution. 

a compendium of op amp circuits 
I've devoted the remainder of this article 

to a description of some of the more common 
applications of the operational amplifier. 
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These circuits are just a starting point. I'm 
sure that ham ingenuity will result in many 
more interesting variations. Who knows? 
Perhaps someone will adapt one of these cir-
cuits to a communications problem and rev-

mpur Ri O W r 
OUTPUT 

+ Z4V ^rr 
i e - T 1Sf» sovm * 

820* — 

• — n 
f N . 

100 k t VW 

'nrvf >/ 

fig. 14. Complete circuits for the basic inverting 
amplifier. A, and non-inverting amplifier, B. Gain of 
noninverting circuit is approximately 10. 

thought and planning, these circuits might 
be just the thing for a science fair presenta-
tion. 

To rec ap, the basic inverting and noninvert-
ing op amps are shown in fig. 14 with all the 
component values. You'll recall that the in-
verting amplifier shifts the phase of the in-
put signal 180 degrees; that is, a positive-go-
ing input produces a negative-going output. 
The output signal will be in phase with the 
input in the noninverting amplifier. 

Typical compensation is shown in the cir-
cuits of fig. 14. The following circuits are 
simplified. Compensation and proper bypass-
ing are essential, of course. The RCA CA3047 
is inexpensive and altogether adequate for 
the applications shown. 

An adder is shown in fig. 15. The offset net-
work is typical for all computing circuits. An 
alternate would be a voltage offset circuit, 
which is usually connected to the positive in-
put. The currents from these three inputs 
are summed, and the negative of this sum ap-
pears at the output. Feedback at the nega-
tive input means that the input is a virtual 
ground, so the three inputs are effectively 
isolated, and no interaction exists between 
them. 

An adder-subtractor circuit is shown in 
fig. 16. Note the equation of the circuit: the 
output voltage equals the sum of the nonin-
verting inputs minus those on the inverting 
inputs. Thus, we have a subtracting circuit. 
By making the two resistors in the feedback 
circuit larger, greater-than-unity gain may be 
obtained. 

If we change resistor values, a weighted ad-
der results, as shown in fig. 17. the feedback 

olutionize the industry. In any event, I hope 
these ideas will inspire more experimenta-
tion. If you come up with a new use for the 
op amp, the market is wide open for your 
ideas. 

basic computer circuits 
While basic computing circuits may not 

be your idea of a construction project, such 
applications of the op amp serve to identify 
what follows. As a matter of fact, with a little 

fig. 15. Typical adder. Offset compensa-
tion is similar for all computing circuits. 

*=l 
10k 

+J2v 1 -iev CHVWWV-WrO 
CURRENT OFFSET 

NETWORK 
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fig. 16. Adder-subtractor. Larger val-
ues of feedback resistors will result 
in a gain greater than unity. 

fig, 17. Weighted adder. The sum of 
the inputs is a function of the feed-
back resistor; any reasonable com-
bination of Rf and Ri is permissible. 

£„• -IOOE, -tOE2-E3 

resistor value affects the sum of the inputs. 
The weight of the adder is proportional to 
input gain, which is determined by the feed-
back resistor. 

Other mathematical operations in com-
puters are integration and differentiation. 
The former is used to find the area under a 
curve; the latter determines the slope of a 
curve at any point. In the integrator of fig. 
18A, a chopper-stabilized amplifier should 
be used because of the offset error caused by 
the feedback capacitor. If not chopper stabil-
ized, a feedback resistor must be used. 

Cain response of the integrator is maxi-
mum at the low frequencies and decreases 
linearly with increasing frequency. Amateur 
application of such a circuit would be in a 
lowpass filter following a speech clipper to 
attenuate harmonics. 

In the idealized differentiator, gain in-
creases indefinitely with frequency. To elim-
inate high-frequency noise problems, gain 
limiting is provided by Rj in the circuit of 

fig. 18B. This circuit is also useful for filter 
applications; frequency response is deter-
mined by the RC constants according to the 
equations shown. 

oscillators and waveform generators 
Of the many operational amplifier circuits 

used in computers, probably the most popu-
lar amateur adaptations are oscillators and 
their close relatives, the multivibrators. 

If you have a need for an oscillator with 
an unusually pure sine wave output, the 
Wien bridge1 circuit in fig. 19 is a good can-
didate. It is inherently temperature depend-
ent, however. In the circuit shown, stability 
is improved with a lamp operating at very low 
current. 

The multivibrator circuits in fig. 20 have 
appeared in various forms in many amateur 
publications. They're used in electronic key-
ers, frequency counters, square-wave genera-

fig. 18. Integrator, A, and differentiator circuit, B. 
Double amplifier symbol in A denotes chopper stabi-
lization required because of offset error due to Cf. 

-wo* 
ft o—vw 

CIRCUIT IS RESET TO 
ZERO AT TIME SWITCH 
CLOSES 

Ej O-WV—| ̂  » — 

HH3H - FREQUENCY CUTOFF: Fh 
2 If R; C; 
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tors, and a host of other circuits where a con-
trolled signal source is required. 

The circuit of fig. 20A is an astable, or 
free-running multivibrator. Its uses include 
a timing-pulse generator, or clock, in coun-
ters. Feedback to the positive input is called 
"bootstrapping." This effectively increases 
circuit gain until it approaches infinity. 

The bistable multivibrator (fig. 20B) has 
two stable states, each of which changes only 
when triggered by a pulse of opposite polar 
ity. This circuit is used as a memory stor-
age, counter, or shift register in computers 
Its principles are often used in amateur cir 
cuits with little or no modification. 

The monostable multivibrator, fig. 20C, is al-
so called a one-shot. It has one stable state 
which can be changed by an external pulse 
It will then return to its original state after 
a time period determined by its RC con-
stants. The one-shot is used for a time delay 

fig. 19. The Wien bridge oscillator. The circuit is 
temperature sensitive; stability is improved by the 
lamp, which operates at low-current level. 

fig. 21. Staircase generator. Ramp output results if 
a dc signal is applied to pin 11 through a resistor. 

1 _ I —, S. OPENS 

I J U U 1 z^L 
(E-S^tXCi/Cg! 

or to produce a pulse of specific width when 
triggered. 

An application where the integrator feed-
back capacitor is allowed to charge is shown 
in fig. 21.2 During a finite period, the input 
pulses will add algebraically until the ampli-
fier saturates. When the switch is closed, the 

fig. 20. Examples of the multivibrator. Cir-
cuit at A is free-running, or astable. B is a 
bistable multivibrator, or flip-flop. Monostable, 
or one-shot, is shown at C. 

R 
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output returns to zero. The circuit shown 
generates a "staircase" wave; it can be used 
as a ramp generator if a dc signal is applied 
to pin 11 through a resistor. Successively 
opening and closing the switch would give 
a sawtooth output. 

Systems frequently require phase com-

pensation for stability. Precise adjustment 
may be made with the technique shown in 
fig. 22. Adjustable lag is obtained by chang-
ing the input bypass capacitor; lead adjust-
ment is provided by varying the feedback re-
sistor. Resistors Rj and R2 may be necessary 
to stabilize the system. 

fig. 24. Precision ac 
amplifier. Gain is 70 
dB; input impedance 
is 100 megohms. 

INPUT 

fig. 22. Phase-shift network for 
system stabilization. Lead and lag 
compensation are shown. 

• 10k Rf • 10k 

fig. 23. High input impedance 
amplifier for crystal transducer. 

«2 100k 

amplifiers 
In addition to the basic amplifier circuits 

previously shown, I've included some useful 
variations. 

The circuit of fig. 23 is often used in dy-
namic instrumentation such as vibration 
measurements. It's a high input impedance 
amplifier using a crystal as a transducer.3 A 
possible adaptation for amateur use would 
be a crystal microphone preamp. 

The amplifier in fig. 24 has a gain of 70 dB 
and an input impedance of 100 megohms.3 

Diodes are used to prevent latch-up. Because 
of the high-frequency characteristics {100 
kHz) with the compensation shown, special 
attention should be given to layout and 
power-supply decoupling. 

The tape-head amplifier3 of fig. 25 uses a 
matched pair of 2N3726's to reduce noise and 
increase input impedance. Despite the fact 
that it uses no input resistor (purists may 
object to classifying this circuit with op 
amps), the circuit does suggest a technique 
for improving common-mode rejection and 
increasing the common-mode range for any 
op amp. 
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fig. 25. Low-noise tape head amplifier. 
Matchod transistor pair reduces noise 
and increases input impedance. 

15V 3T5H 

£c X 006? * 0 450 

fig. 26. Logarithmic amplifier. Circuit oper-
ates over a frequency range of 6 decades. 

The Philbrlck-Nexus USA4JT—"grandpappy of op 
amps." Very few amplifiers can match its perfor-
mance. However, this fine unit has been retired to 
the back shelf because of its large size, aging char-
acteristics, and high power consumption. 

measurement and control circuits 
A widely used instrument is the log ampli-

fier (or log converter). It has the capability 

of compressing input voltage ranges of sev-

eral decades into a useful linear range. Some 

uses for this circuit ( f ig. 26) are in filter 

measurements, leakage measurements, and as 

a compuler power-function generator. The 

amplifier shown uses a diode-transistor com-

bination in ihe feedback circuit to achieve 

the conversion function.-1 Both current and 

voltage offsets are required for operation 

over a 6-decade input range. With an input 

of 0.13 mV to 100 V, the output is from 220 

to 580 mV. 

fig. 27. Lossless ac meter circuits. A high-impedance dc meter is preferred for the millivoltmeter circuit, A; 
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Fig. 27 shows two lossless ac meter circuits. 
The mitlivoltmeter circuit, A, uses an op 
amp to compensate for diode, resistor, and 
meter losses. The response time, which is 
usually low, can be increased by increasing 

supply provides up to 200 mA at any voltage 
between 1 and 15 volts. Regulation is better 
than 0.01% The unusual reference supply 
consists of a constant-current diode (type 
1N5287) and a 50 kilohm potentiometer. 

fig. 28. Ac-to-dc 
converter. Circuit 
has an input range 
from 6 mV to 6 V 
rms at 10 to 1000 
Hz. Amplifier is a 
Burr-Brown IC. 

either the meter series resistor, R s , or the 
averaging capacitor, C. 

The current-sensitive counterpart of the 
millivoltmeter, shown in fig. 27B, has zero 
drop across its terminals. Limiting diodes at 
the input should have very low leakage. No 
charging capacitor is necessary, because the 
current is averaged by the meter. Low-im-
pedance dc meters are practical in this cir-
cuit, whereas the millivoltmeter performs 
more efficiently with a high-impedance 
meter. 

In measurement and control circuits, it's 
frequently necessary to convert ac to dc. The 
circuit of fig. 28 using Burr-Brown amplifiers1 

consists of a full-wave rectifier and a filter.* 
The time-delay circuit in fig. 29 requires an 

amplifier with a high-impedance input such 
as that provided by an fet. The Burr-Brown 
1552/15 is such an amplifier. Of the many 
uses for this circuit in amateur applications, 
an example would be to control timing of 
voltage turn-on in a power supply. Circuit re-
sponse time would be limited by relay action. 

power supplies 
The Motorola MC1539 op amp is the cen-

ter of precision in the circuit of fig. 30.5 This 

•Although not shown in the schematic, each amplifier 
should have a resistor between pin 2 and ground. 
These must be chosen to minimize output errors due 
to input offset current. The resistor for the second 
amplifier wil l be critical because of changes in circuit 
impedance as a function of input voltage swing. Editor 

fig. 29. Timing control circuit. Minimum delay is 
determined by R1-C; maximum delay it infinity. 

20-36 VOC ZtH9ia Z l-ISVOC 

fig, 30. A power supply that provides up to 200 mA 
between 1 and 15 volts. Regulation is better than 
0 . 0 1 "Vo! 

The amplifier has a gain of 120,000, so it 
won't load the reference. Note that output 
compensation is between pins 5 and 6, and 
input compensation is between pins 1 and 8. 
The circuit is protected against burnout 
from short circuits. 
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voltage reference 
A more sophisticated reference supply uses 

its own op amp, a National Semiconductor 
LM101 (fig. 31 )6 The 1N827 reference di-
ode is temperature compensated. Regulation 
is 0.01 mV/V, and temperature stability is 
±0 .05% from - 5 5 ° C to 125°C. Short-circuit 
protection for the reference is provided in-
ternally. The LM101 needs only one com-
pensating component, the 33-pF capacitor. 

reversible, precision power supply 
This supply, fig. 32, is a classic representa-

tion, because many basic concepts can be 
demonstrated by analyzing its characteristics. 

A Fairchild A00-7 amplif ier , referenced to 
a stable source, drives a dual buffer that in-
creases the output-current capability. By re-
versing the reference-supply polarity, the out-
put reverses and switches to the opposite 
half of the buffer. 

Digital programming of voltage is practical 
by changing the values of R ( and R4. The 
system shown is l imited to a gain of unity, 
wh ich means that the output is never less 
than the reference voltage. 

Several important parts of the circuit 
should be noted. First, the op amp must 
have a larger voltage swing than the buffer 
output voltage. The op amp and buffer are 
compensated separately. This may not be 

INPUT 
CW5.3 TO ZZV 

fig. 31. Voltage reference source. Regu-
lation is 0.01 mv/V; temperature stability 
is ±0.5% from —55° to 125° C. 

possible if there's much wire between them. 
Another interesting feature is the zener di-

ode clamp in the op amp feedback cir-
cuit. This prevents the amplif ier from lock-
ing in saturation. Back-to-back zeners l imit 
input voltage swing in either polarity. The 

fig. 32. Reversible, precision power supply. Digital programming of voltage is practical by varying Rf and Ri; 
zener diode clamp in feedback circuit prevents locking in saturation. 

november 1969 21 



buffer is protected against short circuits by 
a transistor limiter. This cuts off the pass 
transistors when the current through the 
4.7-ohm resistor becomes excessive. Output 
of the A 0 0 - 7 is limited by the 15k resistor. 

active filters 
A nice thing about active filters is that you 

don't need inductors to achieve near-ideal 
mathematical response characteristics. An-
other good feature is high input impedance, 
which means that matching is not a consid-
eration.* While compensation for the opera-
tional amplifier is necessary, filter reactance 
trimming is not. Once you've calculated com-
ponent values for a specific response, you're 
done. 

A possible filter is the Twin T shown in 
fig. 34. A 1000 Hz bandpass filter is in the 
basic circuit. If Rt = 10k and R ( = 100k, the 
gain will be 10 at 1000 kHz. The Twin T is 
one of the simplest (first-order) filter ele-
ments; however, it has relatively low Q, so 
don't expect miracles from it. 

The circuit of fig. 33 may be used with an 
active high pass, low pass, or rejection-notch 
filter by inserting the appropriate filter ele-
ment. Reference 7 provides more information 
for active filter designs. 

Another practical approach toward build-
ing an improved filter is to precede a conven-
tional filter with an op amp follower (fig. 35). 
This circuit eliminates filter input loading 
problems. Although resistor R is chosen to 

FILTER ELEMENT 
R 

3.3 k -vs* 
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fig. 34. A Twin T filter for use in an op amp circuit. 
Bandpass is 1000 Hz; with input and feedback resis-
tors of 10k and 100 the gain would be 10. The product 
CiRi should be greater than twice CR. 

o— 

fig. 35. Preceding a conventional filter with an op amp fol-
lower to eliminate input loading. Input impedance of amplifi-
er is arbitrary, as explained in the text. Resistor R should 
equal the input impedance of the filter. 

A circuit that's easy to understand 
is shown in fig. 33. A filter in the feedback 
circuit of a conventional inverting amplifier 
yields an output with the response character-
istic of the filter. 

Rf »look 

acteristic of the filter element. 

equal the filter input impedance, the resis-
tor is really used to match the input of the 
preceding stage. The input impedance of the 
op amp is arbitrary. 

A follower on the filter output would be 
useful if a varying load is used. The purist 
will argue that this isn't a true active filter. 
Cm willing to concede the point, but I has-
ten to add that it's a handy technique. I en-
courage the amateur to take it from here. 

a parting thought 
I've presented some basic data on one of 

the most interesting and challenging prod-
ucts of modern solid-state technology. The 
circuits shown are the most commonly used, 
but by no means do they cover the entire 

"True for this c ircuit , but not for contro l led source 

and negative immitance converter techniques. Editor 
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A noteworthy successor to the best tube op amps is 
the Fairchild A00-7. It features discrete components, 
built-in compensation, and chopper stabilization. 

field of possible applications. 
If you wish to adapl these circuits to your 

needs, a good grasp of op amp theory is es-
sential; the material listed in the references 
will supplement that in the first part of this 
article. Some possible projects that come to 
mind are: 

1. An ultra-stable oscillator (for system 
synthesis). 

2. A precision filter for selective calling. 

3. A high-impedance meter for measure-
ment of h f 0 or g f s . 

4. A precision digital power supply. 

5. Science Fair computer projects. 

I'm sure you've thought of a few projects, 
too. 
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a fixed-tuned 

receiver 
for wwv 

Many modern amateur receivers are ham-
band-only types and must have an adapter 
to receive WWV. Even if you're using a 
general-coverage hf receiver, it is quite a 
nuisance to go "way up the band" to get 
WWV so you can set your 100-kHz crystal 
calibrator. Wouldn't it be convenient to have 
an entirely separate, fix-tuned WWV receiver 
only to check the calibrator? The simple re-
ceiver described below fills the bill with just 
a few components. 

This WWV receiver is designed for 15 
MHz, but it could be used on 20, 10 or even 
5 MHz with changes in the resonant circuit 
elements. (For receiving WWV on 2.5 MHz, 
it is probably easier to modify a transistor-
ized broadcast receiver.) 

The majority of U. S. amateurs probably 
use the 10- or 15-MHz transmissions of 
WWV or WWVH, especially during daylight 
hours; so 15 MHz was chosen for this 
receiver. 

the SA-21 integrated circuit 
The heart of the WWV receiver is a Syl-

vania SA-21 video amplifier. This integrated 
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circuit has a useful frequency range that ex-
tends beyond 100 MHz, which is quite a bit 
more bandwidth than many of us are ac-
customed to calling "video." Used as a nar-
rowband amplifier, the SA-21 provides over 
50 dB gain at 15 MHz, as shown in fig. 2. 

fig. 1. Sylvania SA-21 internal circuit. Voltages are 
nominal quiescent values at 25° C. 
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Unlike most linear microcircuits, the SA-21 
is not a differential transistor amplifier; its 
internal circuit is shown in fig. 1. Both figs. 
1 and 2 were taken from reference 1. 
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fig. 2. Bandpass response of the Sylvania SA-21 
wideband amplifier. Curve B was used in this design. 

ihe receiver circuit 
The W W V receiver schematic is shown in 

fig. 3. An rf stage and simple crystal filter are 

used ahead of the IC amplifier to provide the 

selectivity required in such a trf circuit. An 

fet is used as an rf amplifier, because it has 

inherently good cross-modulation immunity 

and provides a higher input impedance in 

the common-source configuration than a bi-

polar transistor in the common-emitter con-

figuration. The higher input impedance of 

the fet means that the step-up ratio of the 

antenna transformer, L1, must be large, 

which in turn produces higher operating Q 

(better selectivity). 

crystal filter 
The crystal filter is very simple. A slug-

tuned inductance in parallel tunes out holder 

capacitance. The resulting filter circuit is 

then as shown in fig. 4. 

A 15-MHz crystal which is cut for series 

resonance should be used. I tried an old 

CR18/U crystal, cut for 32 pF operation, 

with partial success. One would expect this 

crystal to have its passband on the low side 

of IS MHz, but the passband center fre-

quency was at 14.998 MHz (2 kHz low). 

This was close enough to allow intelligible 

copy of W W V , since the filter bandwidth is 

about 6 kHz. Replacement of the CR18/U 

crystal provided somewhat better fidelity. 

detector and audio stages 
fol lowing the SA-21 amplifier is a simple 

diode detector, a 1N270, and an IC audio 

amplifier, PA234. The General Electric PA234 

is the least expensive of a family of their 

amplifiers IC's, PA222, PA234, PA237 and 

l'A24f>. The PA234 will provide up to 1 watt 

of audio. It is a modified dual in-line pack-

age (DIP). Every other pin is omitted on the 

PA2 34. Also, a heat sink tab protrudes from 

the end containing pins 7 and 8. This makes 

for easy PC board mounting (lots of room 

between pins). However, in this particular 

receiver, both IC's are mounted in 14-pin 

DIP sockets. 

construction 
The receiver is partitioned into four 

shielded sections: rf amplifier, crystal filter, 

SA-21 and detector, and audio amplifier. 

Power for each section (except the crystal 

filter) is brought out through the top plate 

via 1000-pF feedthrough capacitors. De-

soupling the +22.5-volt supply bus is quite 

important (don't try any shortcuts)! De-

coupling elements are ferrite beads and an 

rf choke. The Ferroxcube ferrite beads (K5-

nni-on 3B) present about 50 + j50 ohms at 

high frequencies; so if you must substitute, 

bear this in mind.2 

The IC's were mounted in plastic DIP 

sockets made by Methode (Ml 141). These 

are' particularly suitable, because each has 

L 
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L1 1.3S ^ H , 19 turns no. 20 on Micrometals* T50-10 
core, with 3 turns no. 22 primary 

L2 2.0 to 3.7 C T C X2060-1 with 4 turns no. 26 

secondary 

L3 10 to 1B m H , C . T . C . X2060-4 

L4 3.3 ^H, 30 turns no. 26 on Micrometals" T44-10 

fig. 3. WWV fixed-tuned receiver schematic. Note shielded compartments and decoupling circuit. 

two mounting holes between pin rows. These 
holes can be tapped for 4 40 screws and the 
sockets mounted in a stand-off configuration 
with two small ceramic spacers (left over 
from the last Centralab wafer switch you as-
sembled). This puts the IC socket pins down 
near the ground plane for low-inductance 
grounding or bypassing. The socket for the 
PA234 is crowded next to the end plate so 
the heat sink tab may be easily soldered. 

The entire assembly is made of sheared 
epoxy-glass, double-sided, copper laminate 
of the type used to make PC boards. This 
material is easily soldered into a rigid rf 
package (no solder lugs are needed, saving 
space). The rf conductivity is superior to that 
of an aluminum chassis. I found that the bot-
tom plate and one side could be left off 
without causing instability, so the chassis 
work is complete as shown in the photo. 

the toroid coils 
A word is in order about L1 and L4. They 

are wound on powdered iron toroids. These 

'Micrometals, 72 E. Montecito Avenue, Sierra Madre, 
California 91424 

particular toroids are made for the frequency 
and give substantially better performance 
than most other coils (except perhaps mini-
ductor or Airdux types used in open space). 
The curves of Q vs frequency for the two 
toroids are shown in fig. 5. 

Another advantage of these powdered iron 
toroids (made by Micro Metals)* is their lack 
of temperature sensitivity. Unlike ferrite 
cores, these toroids have remarkable stabil-
ity of both inductance and Q with tempera-
ture. If you decide to use coils that are not 
toroids to replace LI and L4, more shielding 
may be required to prevent oscillation. 

CRYSTAL 

fig. 4. Equivalent circuit of 15-MHz crystal filter. 
Crystal is AT cut, series resonant. 
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WIRE TURNS L/ph 
SIZE 

L/ph 

20 13 1.0! 
22 19 144 
24 S4 Z23 
26 30 3.30 — 
26 4T SO 
30 66 I3.X) 
31 72 1760 

14 17 

FREQUENCY (MHz) 

o 

a o 
FREOUENCY (MHz) 

o 
fig. 5. Operating Q as a function of frequency for the Micro Metals T44-10 toroid, A, and the T50-10, B. L I and 
L4 were constructed from this data. 

operation 
The unit is powered by a 22.5-voIt battery 

(Burgess 4156) arid idles at about 25 niA. 
Strong signals will push current consumption 
up as high as 75 mA, but that's get ling 
pretty loud! 

No age or gain control is included in this 
unit; a variable attenuator is used ahead of 
the rf amplifier.3 During the day at my loca-
tion, about 20 dB of attenuation is u^ed. 
You might argue that this is a crude ap-

proach; but let's face it, that's the best place 
to control gain in a fixed-tuned receiver. 

references 
1. " W i d e Band Video Ampl i f ier , SA-20 Ser ies , " Syl-
v j n i a Data and Appl icat ion Sheet, February 15, 1967. 
2. H. Olson, "Ferr i tes , or What's Mu with Y o u , " C Q , 
Apri l l%6 , pp. 49-52. 
3. G. Daughters and W . Alexander, " l o w - P o w e r At-
tenuators for the Amateur Bands," 73, January 1967, 
p. 40. 
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Would you like a multiband antenna that 
favors the direction of hard-to-get states or 
countries, yet has good omnidirectional cov-
erage? One answer is the long wire, a much 
neglected antenna that deserves more recog-
nition. 

The long wire is mentioned often in the 
literature. Information on feed methods is 
meager, however, which may be why it's 
seldom used. If you have about 300 feet of 
reasonably clear space, you can erect the 
long wire described here and enjoy excellent 
performance on 40 through 10 meters. De-
pending on the feed method, the antenna 
gives either unidirectional or bidirectional 
coverage, with substantial gain in the direc-
tion of the wire. Power gain over a dipole is 
from 1.2 to 7, corresponding to lengths from 
1 to 12 wavelengths. (Numbers are ratios, 
not dB.) Minor lobes, concentrated near the 
center of the wire, provide omnidirectional 
response. 

The single long wire is probably the sim-
plest antenna you can build that wil l provide 
maximum gain for lowest cost and effort. 
Only two masts are required; however, one 
wil l do (at the far end) if you use your eaves 
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to support the near end. The tilt thus pro-
vided increases radiation at the low vertical 
angles for DX, as discussed below. 

principles 
The dipole, which is one-half electrical 

wavelength long, is the simplest resonant an-
tenna. Two major lobes occur at right angles 
to the antenna (fig. 1). If the wire length is 
increased in multiples of one-half wave-
length, the antenna will also be resonant at 
these points. Additional lobes appear as the 
wire length is increased. The major lobes 
move in the direction of the wire, so that 
maximum radiation is concentrated off the 
end. 

The longer the wire, in multiples of one-
half wavelength, the greater will be its gain 
in the direction of the major lobes as com-
pared to a dipole. The secondary lobes, fig. 
1, give good omnidirectional coverage. 

feed point 
Resonant long-wire antennas can be cen-

ter- or end-fed (fig. 2). A low-impedance 

fig. 1. Horizontal radiation pattern of 
long wire as a function of length. 

3/2 A LONG WIRE 5 A. LONG WIRE 

point is made available at the center by mak-
ing each leg an odd multiple of a quarter-
wave-length long. Contrary to a rather wide 
belief that the precise length of a long-wire 
antenna is unimportant, the leg lengths must 
be accurately cut to obtain a low-impedance 
feed point. 

A low-impedance feed point for end feed 
is found a quarter wavelength in from the 
transmitter end of the long wire. End feed-
ing is a preferred method for two reasons. 
The antenna is more unidirectional with a 
higher gain in the direction of the long leg. 
The longer the long leg, the higher the gain 
and the more directive the pattern becomes 
off its end. 

It is apparent from the above that a long-
wire antenna can be erected to favor a given 
area. If a group of states give you trouble, 
point the antenna in their direction. 

If you prefer a bidirectional pattern, use a 
center feed. If you live along the East Coast, 
the long leg can be pointed west. Converse-
ly, for a western station, the long leg can be 
directed east. In the Central States you may 
prefer a bidirectional center-fed type, or per-
haps you might want the end-fed unidirec-
tional characteristic if you are having diffi-
culties with certain states. 

antenna length 
Each leg must be an odd multiple of a 

quarter-wavelength for center feed. 

ODD ODD KM 

rt/4 ODD A / 4 

fig. 2. Center feeding the long wire, A, and 
end feed, B, with respective patterns. 

leg length 
246 (N) 
f MHz 

Where N is the number of quarter wave-
lengths. 

End effect is important on these long 
wires, and you must trim the legs evenly to 
roach a given resonant frequency. Start with 
the formula given above, and prune until 
resonance is obtained. Usually, the antenna 
must be shortened from two to six percent 
as a function of antenna height, tilt, and 
nearby conducting surfaces. 

Antenna resistance is low and varies slow-
ly with length, fig. 3.1 Fig. 4 shows two end-
feed methods for different antenna lengths. 
Using the coax cable impedance shown, you 
can obtain a match with an swr of about 
1.5:1 without a tuner. 
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The length of the short leg of the end-fed 
type can be calculated using the regular di-
pole equation. The long teg must be made 
some multiple of a quarter wavelength. 

246 IN) 
long leg = (N) feel 

I MHz 

2 3 4 , short leg = feel 
f MHz 

Again, the antenna legs must be trimmed 
carefully lo find resonance and establish a 
feed-point impedance thai can match the 
transmission line. Short sections should be 
trimmed off the quarter-wave segment to 
obtain resonance just as you trim an ordi-
nary dipole. Because the long leg is so very 
long, you can trim off larger pieces of the an-

swr meter in the line at some point that is a 
whole multiple of an electrical half wave-
length away from the antenna feed point. 

In fact, it is advisable to use a transmission 
line that is a multiple of a half wavelength 
between antenna and transmitter. In so do-
ing, the low resistive impedance of the an-
tenna is reflected to the transmitter, and 
the Iransmitter need not cope with reactive 
components that can be introduced by the 
line, however small its standing wave ralio. 

multiband operation 
For optimum results the long-wire antenna 

should be resonated on each band. There are 
three ways to do this. A tuner can be mount-
ed at the feed point, but this presents a 
weather-proofing problem. 

AUTEhNA LENGTH (WAVELENGTHS) 

fig. 3. Change of radiBtion resistance 
with length of longwlro antenna. 

fig. 4. Two meth-
ods of feeding a 
long wire at the 
end. A swr of about 
1.5:1 can be ob-
tained using three 
systems. 

9/4 A OR LESS 

73 A COAX WITH 
l-TO-l BAWN 

A/4 CHEATER THAN 9/4 A. 

C 
4-TO-l 
BALUN 

COAX 

tenna wire in moving toward the desired 
resonant point. 

For the end-fed long-wire, it is helpful to 
first set the quarter-wave dipole leg to reso-
nance. Then the longer leg is trimmed for a 
minimum swr. Two useful instruments for 
trimming this antenna are an swr meler and 
an antenna noise bridge. Always connect an 

Insulator-jumper combination. 

Furthermore, the tuner must be retimed 
when changing bands or when shifting oper-
ation from one part of ihe band to another. 

Reasonable results can be obtained by us-
ing a tuner at ihe transmitter. However, this 
lechnique makes the transmission tine a part 
of the antenna, and ihe antenna pattern can 
be affected adversely. Furthermore, a high 
swr can develop on the line. Rccall lhat a 
tuner at the transmitter actually works for the 
transmitter and does very little for the an-
tenna system. 

The ihird possibility is lo preset the long-
wire antenna for each band. This can be 
done by bringing the antenna ends down 
near the ground level (fig. 5A). This causes no 
serious pattern change. The antenna can be 
trimmed carefully for each band to obtain op-
timum operation without the use of any tuner. 

For DXing the long-wire can be tilled 
slightly in the direction of the long leg (fig. 
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5B) to improve the low-angle radiation in 

the favored direction. The angle increases in 

the opposite direction, 

W3FQJ end-fed long wire 
The arrangement and dimensions of a 

practical antenna are given in fig. 6. The 
quarter-wave dipole segments are easy (o set 
up and permit 10- through 40-meter opera-
tion. A band change is made quickly by 
proper arrangement of the jumpers at each 
end of the antenna. For 20-meter operation 
the first jumper is left open. For 15-meter 

fig. 5. To avoid use of tuner, long wire ends are 
brought near ground and carefully trimmed for 
resonance, A. Antenna bandwidth will be quite 
narrow. At B, tilting the wire improves low-angle 
radiation slightly in direction of tilt. 

o 

0 
operation the first jumper is closed, and the 

second jumper is opened. O n 20 meters the 

first two jumpers are closed, and the third 

jumper is opened. Al l jumpers are connected 

for 40-meter operation. 

The long leg of I he antenna is 9 quarter-

wavelengths long on 40, 17/4 on 20, 25/4 

on 15, and 33/4 on 10. Formula values are 

2214 
(40) leg length = = 307 feet 

7.2 

4182 
(20) leg length = = 294 feet 

14.2 

6150 
(15) leg length = = 288 feet 

21.3 

(10) leg length = = 283 feet 
28.6 

After trimming, the practical lengths re-

duce to 297 feet 7 inches, 271 feet, and 272 

feel 10 inches respectively. Note that the 

same leg length can be used for both 10 and 

15 meter operation. Thus in changing opera-

tion between these bands, only the near-

end jumpers need be shifted. 

results 
Results have been gratifying on all four 

hands. The bearing of the long leg, as erect-
ed here in Eastern Pennsylvania, is set at 
255°. O n 10 meters, where the directivity is 
sharpest, this places a strong-signal area di-
agonally across the Continental United 
.S(ales-. At the same time, good reports are 
obtained in the Southern States and in North 
C entral States, thanks to the secondary lobes. 
Of course, on the lower bands the number 
of electrical wavelengths on the legs is not 
as great, and the horizontal radiation pattern 
is less sharp, encompassing a larger area of 
major-lobe coverage. 

references 
1. "Antennas and Radio Propagation," Dept. o) the 
A r m y Technical Manual TM 11-666, February, 1953. 

ham radio 

fig. 6. The multiband, segmented long 
wire at W3FQJ. Coax cable should be at 
a right angle to feed point if possible. 
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During the pasl few years several articles 
have appeared describing the electronic 
key.1---1 Here's one more. This key is a TO 
type and is basically I he same as the one de-
scribed by K3CUW in QSI,1 lis features are: 

1. A dot memory 
2. Small size 
3. Npn or Pnp transistor switching 
4. "Squeeze-key" operation if desired. 

I'll starl by offering some motivation for lis 
design, followed by a review of the inte-
grated circuit (IC) characteristics. 

I first became familiar with electronic keys 
with the construction of an all-transistor TO 
key/' which I used extensively for about five 
years. In constructing a new key, I felt I 
should strive for increased ease of operation 
and a substantial reduction in size. (The key 
mentioned above occupied 3'/sxt)x8 inches 
on the operating table.) 

For easier operation, an electronic key 
must have a memory. Keys have been do-
scribed with dot and dash memories."' " but I 
decided that a key with a dot memory would 
only be best for the reasons given below. 

If you now use an electronic key with no 
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Main circuit board. 

memory, you know thai one of the most 
common errors is the omission of a dot in 
letters such as n, k, c, y, etc. This error can be 
corrected if a dot memory is included, which 
will insert the dot if the paddle is closed dur-
ing the preceding dash. 

Because it's longer, a dash followed by a 
dot is seldom omitted. The natural tendency 
to hold the paddle on the dash side for a 
longer lime ensures that the dash will be 
formed. 

A dash memory would be required if the 
key had a free-running clock, as in the Ulti-
matic.50 However, I felt that a gated clock 
would make the key easier to operate, be-
cause the response to touching the paddle 
is immediate. The free-running clock key 
may delay up to a whole dot duration before 
doing anything. 

The small size requirement suggested, (1) 
integrated circuits and, (2) that something 
be done about the huge filter capacitors or-
dinarily required for low-voltage, high-cur-
rent power supplies. An electronically regu-
lated supply takes care of the latter problem. 

review of ic operation 
The IC's used in this keyer should be in 

fairly common use by now.7 For complete-
ness, however, I'll include a brief description 

A printed-circuit board for this keyer is available for 
$3.00 from Stafford Electronics, -127 South Benbow 
Road, Greensboro, North Carolina 27401; order part 
no. HR 11-69A. A kit of IC's, transistors and diodes 
(less power supply) are available from the same source 
for $8.50. 

of their operation. Rather than consider IC 
operation in terms of Boolean functions, I'll 
regard them as black boxes with particular 
characteristics. I believe it's less confusing 
to use this approach for a practical under-
standing of their operation. 

The symbols and names are borrowed from 
the language of Boolean algebra (for ex-
ample, the gate is a NOR gate). But it's best 
to understand the way in which the circuit 
works rather than the logic functions in-
volved. 

Let's first consider a gate. Its symbol, and 
a lable describing its operation, are as fol-
lows: 

a o-

arm/r 
—o 

a OUTPUT 
H L 
L L 
H L 
L H 

Note that H stands for a high-voltage level, 
and L stands for a low-voltage level. For the 
gate, the table shows a high level out for two 
low levels in, but low level out otherwise. 

A flip-flop is represented by this symbol 
and truth table: 

PS 
S I 

T 

C 0 

PS 
S I 

T 

C 0 

PS 
S I 

T 

C 0 

PS 
S I 

T 

C 0 

1 OUTPUT 
NO (MANGE 

H 
L 

COMPLEMENT 

A high level on the preset (PS) terminal 
results in a low output at the 1 terminal. 
Any other change of state of the flip-flop re-
quires a negative-going pulse on the toggle 
(T) input. (This pulse must be fast, I might 
add—less than 100 ns for the IC's used in 
this keyer.) The lerminal-1 output after a 
toggle is shown in the table. 
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With a low on S and C, the flip-flop 
changes state (complements), and the out-
puts return to the same state as the inputs 
after a toggle if there is an H-L or L-H com-
bination on the inputs. 

Now these are the only two different types 
of IC's used in the keyer, but three simple 
gate connections are described so a block 
diagram can be drawn. First, a monostable, 
or one-shot: 

consider the following input signal: 

INPUT 

H — 

Before tx occurs, the capacitor is charged 
to V = Vee — RJ, where I is the current flow-
ing into the gate, VCC/(R + 450). (The gate 
input resistance is 450 ohms.) The gate has 
an H on one input and an L on the other, 
so the output is L. At t1( the input rises to H. 
The top input of the gate wil l rise to V - f H, 
then the capacitor discharges to V — H . At 
t2 the input falls to zero. 

The voltage across the capacitor can't 
change instantaneously, so the top input to 
the gate is brought down to V — H , which 
will be a low level if H is close enough to V. 
The output of the gate rises to an H level. 
The capacitor then charges toward V through 
Re .* When the capacitor voltage is greater 
than about 1 volt (a high level), the output 
falls back to a low. Hence, for an H-to-L 
transition in, we get a pulse of fixed dura-
tion out. 

* is an equivalent resistance that will be a "two-

segment" resistor. It consists of R until the gate 

input transistor turns on, then of R in parallel with 

the gate resistance after turn-on. The voltage applied 

to the charge path is V before the gate turns on, 

and V after it turns on. 

The second connection is a set-reset R-S 

S R "1" OUTPUT 

H H NOT ALLOWED (LOT) 
H L L 
L H H 
L L USUAL COOITION 

For the flip-flop to change state, an alter-
nate high level is required between inputs. 
Two high levels are not allowed. Even if you 
could remove them simultaneously, the re-
sulting state would be indeterminate because 
of different !C switching times. However, 
during the time two high levels are applied, 
both outputs will be low, of course. 

The third connection is an OR gate: 

A B OUTPlTT 

H H H 
H L H 
L H H 
L L L 

The name implies an assignment of posi-
tive logic: H is designated 1, but the circuit 
is still characterized by the H-L description. 
(That is, a low output for two low inputs; a 
high output otherwise.) The second gate in-
verts the output of the first. Note that this 
circuit is an AND gate if an H level is des-
ignated zero and L is designated 1. 

the TO keyer 
The TO keyer is familiar to most ama-

teurs, but for completeness, its block dia-
gram is shown in fig. 1A. Clock pulses tog-
gle FF1 whenever the clock is enabled. When 
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the dot contacts are closed, the clock and FF1 
are enabled, producing the output as shown 
in fig. 1B. When the dash contacts are closed, 
both flip-flops are enabled, and the output 
looks like the waveform in fig. 1C, Hence wc 
have a guaranteed one-to-one dot/space ratio 
and a three-to-one dash/dot ratio. This is 
the defining characteristic of the TO keyer. 

Additions to the basic TO keyer block dia-
gram for a dot memory are shown in fig. 2. 
When the dot contacts are closed, the mem-
ory is set and the clock and FF1 are enabled. 
This causes a dot to be formed. Once formed, 
a pulse from the output resets the memory, 
so only one dot is sent. With the block dia-
gram in mind, let's look at the complete cir 
cuit (fig. 3). 

toggling voltage 
The clock is as described by K3CUW.1 

When a high level is at point A, Q4 is satu-
rated. Because V C E S A T (saturation collector-
emitter voltage) is less than V B E (ON base-
emitter voltage), Q5 is cut off. Point B is 
thus at 1.8 volts, C3 is charged to 

1 . 8 - fV „ E , and Q3 conducts the saturation 
collector current of Q4. When the dot or dash 
contact is closed, point A goes low, Q4 is cut 
off, and Q5 conducts. This reduces the vol-
tage at point B, which biases Q3 even more 
into conduction, causing more base drive to 
Q5. The voltage at point B is further re-
duced. Finally, C3 is discharged to 
v e i : sAT + v i t E ' a t which point Q5 ceases to 
conduct. The voltage at point B increases, 
which cuts off Q3 until the capacitor charges 
lo l i i - f V B E again, then the whole process 
repeats. Result: nice, fast 1.8 — V C E S A T neg-

fig. 2. T O keyer with dot memory added. 

CLOCK •* FF1 T I I — J 

_ J — F K 

DOT DASH 
O | O — 

i 
SET 

PULSE MEMORY RESET 
PULSE 

fig. 1. Bas ic block diagram of the T O keyer, 

A, with dot and dash waveforms, B and C . 

CLOCK 

FF1 

FF2 

DOT DASH O I O 

1 
1 1 1 1 1 1 1 1 1 1 1 1 

n n n n n n 
n n run ru~L 

I I I I I I I I I T ( I 

J I J I X L T L T L T L 

I 11 I i [ 

10 
SWIKH 

alive pulses—good for toggling flip-flops. 
The PS and S terminals of both flip-flops 

are grounded. There are only two possible in-
put states for the flip-flop: complement (both 
S and C low) and a low output on terminal 1 
(high input on C). A flip-flop can be consid-
ered disabled with a high input on C and en-
abled with a low input on C, if complement-
ing is the desired operation. 

A high input is applied to both flip-flops 
and to the clock (point A, fig. 3) when the 
keyer paddle is in the center, so everything 
is quiet. 

dot formation 
Closing the dot contact enables the clock, 

enables the dot flip-flop, and sets the dot 
memory. Recall that a high-to-low transition 
on the input of a one-shot gives a pulse out, 
and the terminal 1 output is low when a high 
voltage is on the top input terminal. Thus, 
point A is kept low by the memory when set. 

The first clock pulse puts FF1 in a high 
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fig. 3. Complete schematic of the keyer. Memory and reset cir-
cuits ensure positive dot formation with no omissions. 

state, arid the high-to-!ow transition of FFVs 
0 output puts FF2 in a low state, because its 
C terminal is high. 

The second clock pulse puts FF1 to a low 
state. During this time, the clock remains 
enabled because point A is kept low by di-
ode D8 (this makes the characters self-com-
pleting). Gate 7's output goes low as soon 
as the 1 output rises to a high on the first 
clock pulse. Also, the high-to-low transition 
at gate 7's output gives a reset pulse to the 
dot memory. The waveforms for a single dot 
are shown in fig. 4. 

The reset one-shot provides a longer pulse 
than the set one-shot. Thus, when they start 
at the same time, the memory ends up reset. 
The reset pulse length is about 4 ms. Any 
shorter pulse would work as well , but 4 ms 
is long enough to ensure memory reset de-
spite inevitable contact bounce from the 

paddle. A series of dots is produced by hold-
ing the dot contacts closed. The wave-forms 
in fig. 4 are then merely repeated, except for 
the set pulse. 

dash formation 
Closing the dash contacts produces a se-

ries of dashes, as with the ordinary T O key-
er. Note that FF2 is enabled or disabled by 
an AND gate. (To become enabled, the flip-
flop requires a low input from the gate, 
which requires the dash contact output AND 
the memory output to be low.) The AND 
gate's function wil l be described later. 

dash-dot sequence 
Consider fig. 5. Even though the dot con-

tacts were closed and released before the 
preceding dash was completed, the dot is 
generated. The low level from the memory 
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The completed keyer in a Minibox chassis. Pnp transistor switching is used. 

keeps the clock and FF1 enabled until the 
dol is initiated; then the hold circuit, D8, fin-
ishes the dot—a neat, fail-safe arrange-
ment. 

the AND gate 
To illustrate AND gate operation, we'll 

consider forming the letter k. The waveforms 
in fig. 6 result. The dot is remembered as be-
fore; however, the dash contacts are closed 
before the dot begins. If FF2 were not dis-
abled, another dash would be initiated in-
stead of a clot. The zero output of the mem-
ory is high whenever a dot is stored, so FF2 
is disabled until after the dot is initiated. 
This feature allows "squeeze" operation, be-
cause the memory can be set even when the 
dash contacts are closed. Once the memory 
is set, a clot is formed following whatever 
character is currently being formed. 

power supply 
The effort to make the key small led to a 

search for alternatives to the large filter ca-
pacitors required in the conventional power 
supply1 where "brute-force" filtering is used. 
The transistor-regulated power supply shown 
in fig. 7 was chosen. The resulting size is 

smaller than one of the pair of filter capac-
itors. 

Diodes D3-D6 form a bridge rectifier 
whose output is filtered by C1 and regulated 
with series regulator Q1. The reference volt-
age is the forward voltage drop of diodes D1 
and D2 (about 1.2 volts, because they are 
silicon diodes). Transistor Q2 is the error-
signal amplifier. Capacitors C'l and C2 were 
chosen by trial and error to reduce power 
supply ripple to less than ± 1 0 percent, the 
tolerance in supply voltage specified for the 

fig. 4. Waveforms for a single dot. Reset pulse 
length is 4 ms, which is long enough to ensure 
memory reset despite contact bounce. 

DOT CONTACT , _ 

r 
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IC's. Larger capacitors would, of course, re-
duce the ripple even more. R2 supplies base 
drive to Q1, and the regulation is obtained 
by Q2 controlling the current at the base of 

Q1-
R3 provides a few milliamperes of current 

to the reference diodes, putting them into a 
lower-resistance portion of their character-
istic curve. The output voltage is determined 
by voltage divider R4, R5. Since the voltage 
at the base of Q2 is fixed at V B E + 1 . 2 
volts, the voltage across the divider will ad-
just to give this value. That is, the output 
voltage is given by (assuming lB«' ( j iv ider) 

V, out 

,R4 4- R5 
R5 

<VB E + V D 1 + VD 2) 

The values shown are chosen so that the base 
current to Q2 (lB) is very much smaller than 
the divider current (ldiViaer)- Because in-
dividual diodes and transistors may have 
considerably different voltage drops, it may 
be necessary to adjust R4 to obtain the cor-
rect output voltage. 

keyer circuits 
The positive voltages from the IC's ordi-

narily require the switch to be an npn tran-
sistor. Such a keyer circuit is shown in 
fig. 8A. Notice that the key ground is ele-
vated to the voltage across the key terminals 

of the transmitter. This arrangement requires 
a little care in mounting the components of 
the key in its box, and touching the key 
ground to the transmitter ground will short 
the transmitter key terminals. 

A pnp transistor switch may be used but 
it requires a negative-going gate pulse to 
drive it. This gate signal is obtained from 
the output of gate 7, which is translated by 
offsetting the transmitter ground by the am-

fig. 6. Waveforms illustrating the AND gate 
operation. This feature allows "squeeze" 
operation, because memory can be set even 
when dash contacts are closed. 
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fig. S. Waveforms for dash-dot sequence. Dot is 
generated even though dot contacts were closed and 
released before preceding dash was finished. 
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plitude of the gate voltage. This offset is ob-
tained by connecting the key supply to 
transmitter ground via three forward-biased 
diodes as shown in fig. 8B. R17 draws a lit-
tle current through the diodes to ensure a 
uniform voltage drop with switching. Again, 
care is required in mounting key parts, and 
the consequence of shorting key ground to 
transmitter ground is more severe, because 
the key power supply is shorted. 

Three of the four keys I've built have been 
sensitive to rf energy, to varying degrees. 
A 0.01 capacitor across the key power 
supply near the switch transistor seems to 
dear up the trouble, and a smaller capacitor 
often will do. The location of the capacitor 
may depend on the type of switch because 
of the grounding arrangement peculiar to 
the individual system. However, the larger 
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capacitor (0.01 mF is large here) seems to be 
noncritical as far as location is concerned. 

construction 
To make the key small, most of the com-

ponents are mounted on a printed-circuit 
board. This board was designed to take V2-
watt resistors, which is a lapse in the ef-

current at the key jack. 
Mototola manufactures several suitable 

switches: MJE340 (300 volts), neon drivers 
2N4409 (80 volts! and 2N4410 (120 volts), 
for example. The only pnp switch I am fa-
miliar with is the 2N398A (105 volts) manu-
factured by RCA, Sylvania, (Motorola, and 
possibly others. 

Bottom of the printed circuit board. 

fort at miniaturization for the sake of avail-
ability of parts. However, Va-watt resistors 
may be used for all except R1, which should 
be V2 watt. As the photos show, the board is 
quite uncluttered. The region of unconnected 
terminals is left to mount the switch tran-
sistor and its components. If the center row 
of these terminals is cut away, the board 
will fit onto the base of a Vibroplex bug be-
tween the pivot support and the terminals. 
I originally intended to mount the key on a 
Vibro-Keyer, but later decided on a minibox 
to leave room for additions such as a tone 
oscillator. 

choice of devices 
Motorola integrated circuits are used in 

the layout shown, but other RTL digital IC's 
are fine (the first keyer was breadboarded us-
ing Fairchild mL923 and mL914). The Motor-
ola packaging has more devices with fewer 
leads, so they're smaller than the Fairchild 
IC's. The transistors are all noncritical, but 
they should be silicon. Q1, of course, must 
be capable of handling the power, and the 
switch transistor must handle the voltage and 

Printed circuit board viewed from below, 
top lighted to show top wiring. 

some recommendations 
Capacitors C4 and C5 can't be electrolytic, 

because the polarity of the voltage across 
them changes. They must also be 1 /uF or 
more to ensure that contact bounce doesn'l 
cause the memory to be set. 1-//F, 3-volt ce-
ramic discs (Centralab UK-105) are quite 
small and easily obtained. Diodes D6, D7, 
D8 and D9 must be germanium because of 
their lower voltage drop. Silicon diodes with 
their higher voltage drop cause some flip-

fig. 7. Regulated power supply for the keyer. R4's 
value may have to be adjusted because of different 
voltage drops in transistors and diodes. 

0 3 - 0 6 , IN400.1 
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flops to remain disabled even with point A 
low. However, silicon diodes are required for 
D1 and D2 because of their higher forward 
voltage and lower on resistance. The rectifier 
diodes are Motorola 1N4001 or 1N4002, be-
cause they're small. Any other diode with a 
rating of at least 100 mA and 25 PIV will 
work fine. 

cured this problem by making R14 4.7 
kilohm. 

The keyer described here requires quite a 
bit of power: about 90 mA at 3.6 V. I 
built another keyer using Motorola milli-
watt devices (MC776P flip-flops and 
MC717P gates) and replaced R8 and R9 with 
470-ohm resistors. The new unit operates 

fig. 8. Keyer circuits. Npn transistor switch is shown in A; pnp switch In B. Care Is required In mounting parts 
to avoid shorting key circuit grounds to transmitter ground. 

The AND gate formed by gates 5 and 6 
cannot be replaced wilh a diode AND, be-
cause the voltage drops are too high. 

Resistor R1S was included in the set one-
shot to reduce the sensitivity of this circuit 
to noise. )f the input that's connected to R15 
is returned to ground, as in the reset one-
shot, the memory will occasionally be set 
when a noise pulse gets on the power-sup-
ply line. This will result in a stray dot. 

Because electrolytic capacitor tolerances 
are so wide, several potential problems can 
develop. There may be a wide variation in 
the values of R6 and R7 in the clock speed 
control. Also, I originally used a 10 kilohm 
resistor for R14, which caused the set pulse 
to be longer than the reset pulse because C4 
and C5 weren't close enough in value. I 

Component layout 

me RH C4 C5 »« OB 07 HI! 

m ns oa 01 ce m m a 01 c j a 

from two penlight cells, and current drain is 
about 17 milliamperes! 

A tone oscillator would be a useful addi-
tion. I'd appreciate hearing from anyone 
who comes up with a sine-wave oscillator-
amplifier that will operate at 3.6 volts and 
drive a small speaker. 
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It's almost impossible to discuss antennas 
without terms such as "capture area," 
"gain," "aperture," and "directivity" enter-
ing the conversation. Reason dictates there 
must be some interconnection between 
these concepts, yet incorrect statements are 
often heard such as " A colinear broadside is, 
in general, better for receiving than a Yagi 
since the colinear has more capture area." 
This indicates the relationship of these very 
important ideas is often subject to confusion. 

There are many ways to analyze antenna 
performance. Some antennas, such as a di-
pole or an array of dipoles as in a colinear 
broadside, are often analyzed by consider-
ing (a) the net effect of the phase and am-
plitude of the fields from each individual 
dipole, and (b) the relative location of the 
dipoles. Such an analysis can become quite 
involved mathematically, but could be car-
ried out for any array. With the aid of a 
computer you could produce a detailed plot 
of the antenna pattern in any desired plane 
and indicate the gain and other essential 
parameters. 

While each type of antenna may have one 
convenient mathematical description, there 
are many ways to analyze any antenna. One 
general approach is to determine its capture 
area, or to use the precise language of phys-
ics, its diffracting aperture. In principle we 
can learn almost all we wish to know about 
an antenna's radiation characteristics if we 
know the dimensions of its capture area. It 
may seem surprising that this would produce 
the radiation field pattern, but it will, and 
other information as well. 

Note I say " in principle." In practice the 
work to produce these results may be pro-
hibitive, dependi ng on the antenna. Deter-
mining the capture area for many antennas 
may be difficult, but adopting this approach 
wil l allow us to discuss any antennas quali-
tatively. 

<0 

-c 
01 c c 
0) 

aperture 
Since it forms the foundation of all that 

follows, the definition of capture area de-

serves some attention. 

In most practical situations, one is con-

cerned with how an antenna performs as a 
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radiator and how it performs with respect to 
a passing wave. The wave is sensibly piano if 
we consider a small region of space. Thai is, 
we may consider the wave as an endless suc-
cession of plane-wave fronts perpendicular to 
the line of travel. 

The wave carries energy, so a certain 

DIPOLE 
• I (O) 
COLINEAR 

BROADSIDE 

RECTANGULAR CIRCULAR 

— HORN OR PARABOLA -

fig. 1. Typical apertures (dotted lines) for com-
mon antennas. Solid lines represent the bound-
aries of the physical structures. 

power density is associated with it: so many 
watts per square meter of wavefront area. 
Every antenna has an area called the capture 
area, or aperture, that wil l intercept some 
part of the wave area. The capture area may 
be quite different than the area occupied 
by the actual antenna structure. This is dis-
cussed later. 

We can now relate capture area to receiv-
ing anlenna gain. If a wave front of five mi-
crowatts per square meter impinges on an 
antenna of one square meter capture area, 
five microwatts would appear at the antenna 
output terminals. A second antenna with 
twice the capture area would receive ten 
microwatts. Gain is therefore proportional 
to captLire area. 

I he capture area of a half-wave dipole 
is usually used as a reference standard for 
measurements. Sometimes an isotropic 
source is used as a reference. Such a source 
radiates energy in all directions equally. (The 
sun is an example.) For an isotropic source, 
gain is given by 

n . 12.6 
G = A 

X2 

where A is the capture area and X is the 
wavelength. The fraction in the right-hand 
term is a units conversion factor. The opti-
mistic claims for antenna gain you some-
times see in advertisements are often based 
on an isotropic source. Obviously, any an-
tenna characteristics based on this idealized 
reference should be viewed with caution. 

Note that nothing has been said about the 
shape of the capture area. As far as gain is 
concerned, the capture area shape is super-
fluous. However, I'll explain later how the 
shape is important for other reasons. 

size and shape 
I mentioned that capture area may be dif-

ferent from the antenna structural area. A 

fig. 2. An edge view of a 
Yagi showing how plane-
wave fronts (dotted lines) 
are bent towards the dipole 
by the director slow-wave 
structure. This results in a 
"magnification" of the di-
pole aperture. 

DIPOLE _ 
APERTURE 
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simple example of this is the half-wave di-
pole. This antenna could be of very thin 
wire with extremely small physical area. It 
has a fairly large capture area, though, be-
cause it does deliver power to a receiver. 

The dipole's shape implies an oblong 
aperture. Within limits, its aperture is in-
dependent of its physical area. A dipole's 
aperture is about 0.13 square wavelength. 
Comparisons of apertures of different anten-
nas are given in fig. 1. 

The colinear broadside antenna is an ar-
ray of phased dipoles. Its capture area is 
somewhat larger than its physical structure. 

This is a photograph of the diffraction pattern pro-
duced by a 16-wavelength circular aperture. The 
photograph was made by uniformity illuminating a 10-
micron hole with red laser light. The light coming 
from the hole was then allowed to strike the film. 
The bright central spot represents the main lobe, 
which is about 8 degrees in diameter. The bright 
ring is the first side lobe. 

This is because the capture areas of the 
dipoles overlap the total area. An analogy is 
a brick wall. Each brick (dipole capture area) 
has its own shape. In combination with the 
other bricks you see the entire wall , not 
each brick. 

Another example of an antenna whose 
capture area is similar to its physical area 
is a dipole or waveguide horn with para-
bolic reflector. Both the colinear broadside 
and parabolic antennas are examples where-
in aperture size and shape depend on physi-
cal structure. More details on the problems 
of parabolic antenna design appear in an 
earlier article.1 

the Yagi antenna 
One of the more difficult capture areas to 

analyze is that of the Yagi and helix anten-
nas. Both are related, but the Yagi is more 
familiar to amateurs. Therefore, it wi l l be 
discussed in some detail. 

In the plane of the passing wave, the 
structural area of the Yagi is about the same 
as that of a dipole. Yet the Yagi has more 
receiving gain. Why? 

The Yagi functions by a slow-wave struc-
ture composed of a series of directors (re-
flectors are not applicable here). As the wave 
passes each director, it excites a current in 

This is another photograph of the 16-wavelength aper-
ture pattern. The central portion has been deliberate-
ly overexposed to show the details of the much weak-
er side lobes. 

the element. The director is shorter than a 
half wavelength, so these currents re-racliale 
a wave that is delayed in phase from that 
of the original wave. As the wave passes 
each director the wave front is slowed from 
its free-space velocity. The part of the wave 
farthest from the director is slowed less. 
As shown in fig. 2 the wave folds in on 
itself. Thus, energy that would have missed 
the driven element is focused onto it. 

Stated another way, the Yagi collects ener-
gy from a much larger area than the ele-
ment itself. Therefore, the Yagi may have the 
same capture area and hence the same gain 
as a colinear array many times its physical 
size. This exposes the fallacy in the state-
ment about colinears versus Yagis. 

About the same can be said for the helix. 
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Here ihe wave is slowed because it Iries lo 
follow the helix, which means its forward 
progress is much slower than its speed along 
the spiralling wire. 

The shape of the Yagi aperture is elliptical 
with its longest dimension perpendicular to 
the dipole. The circular helix has a circular 
capture area, (see fig. 1.) 

diffraction 
The preceding discussion established the 

existence of a real capture area of varying 
shape. Whi le the gain has nothing to do with 
the shape of the aperture (only its area), the 

This pattern was produced fay a very poor square 
aperture. Note the more-or-less square shape of the 
main lobe and compare the side lobes with those of 
the circular aperture. 

shape of the area does vitally affect the an-
tenna field pattern. To understand this, it is 
first necessary to discuss diffraction. 

Although the connection may not seem 
clear at first, consider a plane wave ap-
proaching a large sheet of conducting ma-
terial with a hole in it, as shown in fig. 3. 
Further, assume the hole is small compared 
to a wavelength. Since the sheet is con-
ducting, the wave can penetrate only 
through the hole. The electric field must 
satisfy the conditions that the component 
of the field parallel to the conducting sur-
face, at that surface, must be zero. This con-
dition is met on Ihe left side of the sheet 
by the generation of a reflected wave (not 
shown), which is out of phase with the in-
coming wave at the surface. 

On the right-hand side, this boundary 
condition can only be met if the field direc-
tion is perpendicular to the surface at the 
surface, since it is forced to start that way 
inside the hole. 

The final result, as shown in fig. 3, is that 
the original wave, which was going in one 
direction, to Ihe right, is now converted to 
a spherical wave spreading in all directions 
on the righl-hancl side of the hole. An ob-
server to the right sees a plane wave coming 
from Ihe hole and spreading into a spherical 
wave. In fact, the conducting sheet isn't 
even necessary. Whenever a plane wave 
emerges from a very small hole (in terms of 
wavelength), it spreads out. This is called 
diffraction. 

To relate diffraction and antenna pattern, 
first observe that if an antenna receives ener-
gy from a certain capture area or hole, it 
must also radiate energy from that same 
hole. 

antenna patterns 
The principle of diffraction can be used to 

gain information about the antenna pattern 

fig. 3. Diffraction of a plan wave from 
an extremely small aperture. 

in general. Instead of working out the de-
tails, which require an application of cal-
culus, I'll show the general approach and 
state part of the resull. 

Consider an aperlure large compared to a 
wavelength. The aperture is made of a large 
number of very small, adjacent apertures 
(the brick analogy again). Each small aper-
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ture wi l l radiate more or less uniformly in 
all directions, as in the previous special case. 

At some arbitrary distant point from the 
large aperture, an observer attempting to 
determine the net effect would find that 
each small aperture is out of phase with its 
neighbors. This is because each small aper-
ture is at a slightly different distance from 
the remote point, depending on the angle 
with respect to that point. This >s illustrated 
in fig. 4 for the first and last "br ick . " Note 
that the distance to the first aperture is a, 
and to the last it is a + b. The radiation in-
tensity at the remote point as a function of 
8 is the field pattern. To derive this, the 
mathematical calculation, in effect, shrinks 
all the small apertures to zero, then sums up 
this infinite number of apertures to find the 
total effect. 

For our purposes it's unnecessary to give 
the complete expression, although the in-
terested reader wi l l f ind it in reference 2. 
Several important features of the pattern can 
be given. One is that there wi l l be zero in-
tensity, or nulls, at every angle such that 

sin 

where \ is the wavelength, d is aperture 
length, and n can take on values of 1, 2, 3 , . . . 
For each value of n there is some angle at 
which the pattern has a null. 

If it is assumed that a peak exists between 
these nulls, it follows that the field pattern 
of a diffracting aperture is a series of peaks 
and nulls, which resembles an antenna pat-

fig. 4. Diagram for the calculation of 

diffraction patterns in the general case. 

tern. Fig 5A illustrates this and includes all 
the usual details of antenna patterns. 

Any two antennas, regardless of type, that 
have exactly the same capture area dimen-
sions wi l l produce the same field patterns 
at the same frequency. They would also 
have the same gain since they have the same 
area. 

Another characteristic shows up in the 
null equation. The null angles are inversely 
proportional to the aperture dimension, 

fig. 5. Typical diffraction patterns. 
(A) Uniformly illuminated aperture four wavelengths 
in diameter (above). (B) The same pattern, but 
assuming a rear aperture of the same size attenuated 
20 dB. 

hence the larger the aperture, the closer the 
nulls wil l be. That is, the larger the antenna, 
the narrower wi l l be the beam. 

stacking 
Only one aperture dimension was taken 

into account in the preceding derivation. 
As a result the derived pattern is for only 
one plane. The horizontal and vertical pat-
terns are functions of the aperture horizon-
tal and vertical lengths. Hence the two pat-
terns are independent. What happens if a 
Yagi system is stacked? 

Two Yagis stacked one above the other 
have a vertical beam twice as narrow as a 
single Yagi. The opposite is true for side-by-
side stacking. Four antennas in an H-array 
would have one-half the beam-width in both 
planes, and so forth. 

In the same way the main lobe is modi-
fied by changes in the aperture shape, sig-
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nificant effects are produced in the side 
lobes. As the main beam is compressed by 
stacking, the side lobe's locations are al-
tered. O ld side lobes wi l l disappear and new 
ones w i l l appear elsewhere. Whi le the an-
gular beam dimensions on the horizontal 
and vertical axes are independent, off the 
axes they are not. That is, both the main 
beam and side lobes off the two main axes 
are dependent on other dimensions of the 
aperture. 

fig. 5B . 

transmitting and receiving 
antenna gain 

I showed previously that receiving anten-
na gain is a funct ion of capture area. Trans-
mi t t ing antenna gain is a funct ion of anten-
na beamwidth. The smaller the beam, the 
greater w i l l be the forward field. Al l this boils 
down to a simple fact: transmitt ing antenna 
gain is directly proport ional to capture area, 
as is receiving antenna gain. There is noth ing 
new about this. Way back in 1929 the rela-
t ionship between antennas as receivers and 
transmitters of electromagnetic energy was 
precisely stated in the reciprocity theorem,3 

which is valid for any antenna. This merely 
says that any antenna that has gain as a re-
ceiving antenna wi l l have the same gain as 
a transmitt ing antenna, providing the nature 
of the wave remains unchanged as it propa-
gates between receiving and transmitt ing 
antennas. 

the dipole 
How does this simple antenna generate 

its capture area? The answer is not obvious. 
In some respects, the dipole is almost too 
simple to use the concept of an aperture. 
The main problem in trying to ident i fy its 
shape is that in one plane its pattern is om-
nidirectional. If you insist, an aperture in 
the shape of a cylindrical sheet wrapped 
around the dipole might suffice, but this is 
at variance w i th the flat-surface concept used 
in the more sophisticated cases. In most 
arrays of interest, the flat aperture is a good 
approximation of reality. 

back lobes 
When back lobes appear, it is because the 

antenna has a radiating aperture to the rear 
as wel l as to the front. A colinear array wi th-
out reflectors, for example, w i l l radiate 
equally wel l in both directions. The forward 
and rear f ield patterns wi l l be identical. A 
reflector w i l l attenuate rearward radiation by 
its shielding effect, fig. 5B. It is possible in 
some cases to el iminate sidelobes entirely.4 

conclusions 
I have shown that an antenna has the 

same pattern whether used as a transmitt ing 
or receiving antenna. I have also made some 
simplif ications to explain the basic principles 
wi thout rigorous mathematical treatment. If 
you are interested in pursuing the extensions 
of the analysis of the two-dimensional aper-
ture approach, a detailed discussion is given 
in reference 5. 

The next t ime you become involved in a 
heated discussion on antennas, you' l l now 
have some ammuni t ion when statements 
such as those at the beginning of the article 
are made. 
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If you're an owner of a Hallicrafters HT-37 
ssb transmitter, I'm sure you'll agree it has 
many excellent features. One area where 
it could be improved is in its sideband gen-
erator. The HT-37 uses the phase-shift sys-
tem. It's difficult to obtain really good at-
tenuation of the unwanted sideband with 
this method. The phase-shift networks are 
tricky to adjust and to keep adjusted. The 
unwanted sideband in most phasing systems 
is down about 30 dB, while 45 to 55 dB is 
not uncommon for filter systems. 

The HT-37 can be modified to use a filter 
system for about $35.00. You should have no 
trouble adapting the circuit to the filler sys-
tem described in the following paragraphs. 
You'll need the parts in table 1. 

filter selection 
After examining many available filters, I 

chose the McCoy Silver Sentinel. I paid 

.2 O 
Qu 

C 
o 

Top of the modified HT-37 chassis. Left arrow shows 
position of extension shaft coming up between lubes 
VI and V2. Knob is shown for illustration and is in-
stalled after top cover is in place. Filter (right arrow) 
is mounted on a bracket and attached to one of the 
holes that hold the subassembly in place. 
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$32.95 for mine direct from the manufac-
turer.'1' Its features are listed in t a b l e 2 . I 

chose this filter because its input impedance 
closely matched that of the circuit and didn't 
require any matching network. Also, its low 
insertion loss eliminates the need for an 
amplifier ahead of the mixer. 

installing the filter 
A check of your HT-37 schematic will 

show that the carrier oscillator is one-half of 
a 12AT7 (V2B). If you look at the top of the 
chassis you'll see this tube, the audio stages, 

9UHt LEAD 
FROM IPS) 

NEW 4" LEAD TO SOS 

fig. 1. Underside of filter. A phono jack is soldered 
to the IN pin and a 4" piece of shielded lead sol-
dered to the OUT pin with a new phono plug as 
shown. 

balanced modulator and phasing network on 
a subassembly located on the left-hand side. 

A shielded lead (P5) comes out of the 
front top of the subassembly chassis and 
goes to a phono jack (S05) on top of the 

* McCoy Electronics Co., Mt. Holly Springs, Pennsyl-
vania 17065; price includes two sideband crystals. Suit-
able 9-MHz crystal filters are also available from Spec-
trum International, Box 87, Topsfield, Massachusetts 
01983. The XF-9A filter, at $19.95 is a 5-po!e unit; the 
XF-9B, an 8-pole filter (better shape factor), is $27.50; 
matching sideband crystals are $2.50 each. 

fig. 2. New connections to 
the phase-shift network are 
shown in A. Crystal switch 
bracket is shown in B. 

Table I. Parts list for the HT-37 modification, 

quantity part 

1 3-position rotary switch and pointer knob 
1 aluminum stock for switch bracket 
1 bracket for filter mount (see photo) 
t y«- to 'A-inch shaft coupler 
1 '/a-inch shaft extension (see text) 
1 McCoy crystal filter (see text) 
2 25-pF trimmers 
2 crystal sockets 
1 phono slug and jack 

main chassis near the long shaft that turns 
the driver tuning capacitor. Pull P5 lead out 
and wire in the filter as shown in fig. 1. 

crystal switching 
Before starting to work on the underside 

of the chassis, pull out Z1, the 90-degree 
phase-shift network located next to T101. It's 
in an octal socket and comes out just like a 
tube. Short pins 2 and 3, and 1 and 6 with 
bare hook-up wire as shown in fig. 2A, then 
plug it back in. The audio phasing network 
is now disabled. 

On the underside of the subassembly 
chassis, modify the carrier oscillator circuit 
as shown in fig. 3. Break the lead at point X 
and wire it to the pole of a 3-position rotary 
switch. Mount the switch on a bracket close 
to the grid ofV2B. 

Drill a hole large enough to pass the shaft 
of the rotary switch exactly between the cen-
ter of V I and V2. Extend the switch shaft 
with a coupler and a brass or aluminum ex-
tension shaft. Make the extension long 
enough so about one-half inch will fit 
through the cover of the transmitter when it 
is back on. File or turn down the diameter of 
the top end of this shaft sufficiently so it will 
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fit through one of the large perforations on 
the top cover. The knob, of course, wi l l be 
put on after the cover is in place. 

With the wiring completed and the two 
new crystals installed, your switch should se-
lect the 8998.5-kHz crystal, 9-MHz crystal, 
and 9001.5-kHz crystal in that order. Now, 
snip L102 lead where it connects to C116; 
also snip RFOC capacitor lead where it con-
nects to C117. These are green wires. The 
modification is now complete. The phasing 
networks are disconnected, and the filter, 
with its corresponding crystals to produce 
upper or lower sideband, is ready for tune-
up. 

Since the frequency of the 9-MHz crystal 
falls right in the center of the filter passband, 

io-15-ao 

ORIGINAL HT-3T PARTS 

fig. 3. Modification io the carrier oscillator circuit. 
The lead from the grid is broken at x and connected 
to the arm of the three-position switch. The 9-MHz 
crystal and its associated trimmer are part of the 
original HT-37. 

cw and a-m operation is undisturbed. When 
you operate in these modes, the new switch 
must be in the 9-MHz position. The upper 
and lower sideband positions on the main 
function switch on the front pane! are in-
operative, and either upper or lower side-
band is selected by the new switch. How-
ever, the function switch must be left on 
upper or lower sideband simply to get it off 

Table 2. McCoy ssb filter characteristics. 

center frequency (MHz) 9.0 
bandwidth (Hz) 2360 
shape factor 2 
sideband attenuation (dB) 45 
insertion loss (dB) 2.3 
input impedance (ohms) £60 
crystal frequencies (kHz) B998.5 

and 
9001.5 

the cw or a-m positions when operating 
sideband. 

adjusting the filter slope 
The manufacturer advises that the fre-

quency of the 8998.5 and 9001.5-kHz crystals 
should be adjusted to fall 20 dB down the 
slopes of the filter. In selecting these points, 
the filter wi l l work at its optimum design 
characteristics, pass the desired sideband 
fully, and suppress the unwanted sideband 

fig. 4. Characteris-
, . -s ill 

tic curve of the 
McCoy 9-MHz crys- S998 s »h* 900/ 5 
tal filter. C R r s T A L ' c * r s T * L 

most effectively. Fig. 4 shows what the char-
acteristic curve looks like and wil l give you 
an idea how we wi l l find the 20-dB point on 
the filter slope. You don't need any fancy 
instruments, but you must have a vtvm with 
an rf probe. 

After a 30-minute warm up, tune up the 
transmitter at 3800 kHz using the 9-MHz 
crystal for maximum output into a dummy 
load. Rebalance for maximum carrier sup-
pression. Set your vtvm on the 100-volt scale 
and for minus dc. Connect your rf probe 
with an alligator clip to the transmitter's an-
tenna output terminal inside the chassis. 
Ground the ground lead of your probe to the 
chassis. Select the 8998.5-kHz crystal, set the 
function switch on either upper or lower 
sideband, and set the audio control to zero. 
Tu rn the operation switch to MOX and un-
balance the left carrier balance control, and 
at the same time, using an insulated tool, 
(this is essential) turn the trimmer capacitor 
corresponding to the 8998.5-kHz crystal for 
maximum output on the vtvm. 

You wil l note, as you change the frequen-
cy by turning the trimmer, the reading wil l 
go up then level off. What is happening is 
that at the maximum reading, you had the 
crystal frequency on the top of the filter as 
shown in fig. 4. Note your maximum read-

50 JJj.Jj november 1969 



Table 3. Crystal selection for desired sideband, 

amateur band sideband crystal (kHz) 

10 & 15 
20 
40 
80 

upper 
upper 
lower 
lower 

9001.5 
8998.S 
8998.5 
9001.5 

ing—mine read 65 volts. Whatever your 
maximum reading is, you must back it off to 
read only 10 percent of this. In my case, 
since 65 volts was maximum, I backed it 
down to 6.5 volts (change your vtvm scale 
for accuracy when you get the reading low 

fig. 5. Label switch as 
shown. With this arrange-
ment, lower sideband is 
selected for 40 and 80 
meters and upper sideband 
for 10, 15 and 20. 

9001 5 
10 • 15-80 

9 kHz 
AM̂CW 

A 
6998 5 
20-40 

enough). You are now 20 dB down the slope 
of the filter. Repeat this procedure with the 
9001.5-kHz crystal. Now switch to the 9-MHz 
crystal and rebalance the carrier for maxi-
mum suppression. You will note that when 
you switch to either of the two sideband 
crystals, carrier suppression will be even 
better. 

selecting the proper sideband 
A process of up conversion and/or down 

conversion is used in the HT-37 to arrive at 
the operating frequency on the various ham 
bands. Table 3 will assist you in selecting the 
proper crystal to operate on the customary 
sideband. Label your new selector switch as 
shown in fig. 5 to correspond to the side-
band used on a particular band. 

No provision has been made to compen-
sate the vfo automatically for the difference 
in frequency between the upper- and lower-
frequency crystals if you were to switch from 
upper to lower sideband or vice versa on any 
one band. It would get rather complicated 
on this transmitter as the vfo frequency 
would have to be increased on some bands 
and decreased on others. It's not worth the 
trouble since one doesn't keep switching 
sidebands when working on a particular 
band. If you wish to change sidebands dur-

ing a contact, you can shift the main tuning 
manually to remain on the same frequency. 

Before putting the top cover back on, 
bracket the filter to one of the existing 
threaded holes that holds the subassembly 
shield in place as shown in the photo. In 
this position the filter is in the clear and 
away from any heat generated by the tubes. 

final checks 
As a final check, try contacting some of 

your local buddies and ask them to check 
your quality and sideband suppression. Your 
unwanted sideband suppression should be at 
least 45 dB down. They may say your voice 
sounds a little different. The filter is quite 
sharp, and the voice frequencies passing 
through the filter bandpass will account for 
the difference. In any event you should now 
have a cleaner, sharper signal with practical-
ly all your power concentrated in the wanted 
sideband. 

A word of caution—the HT-37 always had 
plenty of audio drive; now you have a bit 
more. It's very easy to flat top, and one of 
your best investments would be a monitor 
scope, if you don't already have one, so you 
can adjust your drive "right on the nose." 

Congratulations—you are now the owner 
of a solidly built, modern filter-type single 
sideband transmitter. 

ham radio 

"No wonder you're having trouble with 
the code—that's RTTY1" 
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The "Saucer Sled" anten-
na is being bore-sighted 
by K6HIJ on a home-brew 
antenna range. W6DSL and 
WA6HWV look on. 

a low-cost 
amateur 

microwave antenna 
One of the major problems with putting an 
amateur microwave station together is ob-
taining a suitable antenna. For work above 
2300 MHz, amateurs have traditionally used 
parabolic reflectors which they have either 
located on the surplus market or built them-
selves. It takes a fair amount of luck to find 

a surplus dish at a reasonable price, even if 
one is fortunate enough to live in an area 
that has a number of surplus dealers. Making 
your own dish is anything but easy, especial-
ly if you want it to be effective at 10,000 
MHz. 

raw materials 
In the 1%8 Sears Christmas catalogue I 

noticed a "Saucer Sled.'" It was 26 inches in 
diameter and made of "sturdy aluminum." 
It looked like a natural for a dish, and in the 
interest of science, one was ordered. When 
it arrived, inspection showed it was spheri-
cal, with a usable surface 24 inches in di-
ameter. It was indeed well built, and would 
make an excellent antenna for amateur 
microwave work. 

The focal length was measured by focus-
ing the sun's rays on a card (DON'T try 
using your hand as a focal plane!) and was 

rs 
« 
"c 
£ 

3 
bT 
o 
ia 
ea 

(0 > 

3 O CO 

e a 
E 
E 
o 
u 
ui 
CJ ci vfi rs 

Z 
\B 

£ o 

CO 
-a 
m 

•C u 
s 

approximately 15V2 inches. Since this corre-
sponds to a f/d ratio of 0.65, instead of 0.4 
for a typical parabolic reflector, a standard 
open-end waveguide feed such as a pola-
plexer1 wil l not properly illuminate the re-
flector surface. 

construction 
A conical horn feed was designed from 

the literature2 that would have the proper 
beamwidths to illuminate the "Saucer Sled" 

fig. 1. Feed system dimensions at 3300 MHz for the 
"Saucer Sted" antenna. The polaptexer is a half-
quart empty beer can. 

i.s a. 
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effectively. The feed was constructed with 
flashing copper attached to a homemade 
polaplexer (fig. 1) for the 3300-MHz band. 
The horn alone will produce a gain of 12 dB 
over an isotropic source. 

-is.es"—• 

POLAPLEXER WITH HORN POLAPLEXER ONLY 

fig. 2. Measured feed locations for best gain. 

The gain of the antenna, measured at 3335 
MHz, was 24 dB (within the accuracy of 
measurement). Jf the reflector is illuminated 
with a simple polaplexer instead of the horn, 
the gain will be 1 dB less. These values agree 
closely with theory and are well within the 
errors of measurement. Fig. 2 gives the loca-
tion of the feed for. best focus in both cases. 

* This "Saucer Sled' microwave antenna is a simple 
and effective solution to the antenna problem for 
microwave work. I hope this wi l l eliminate one stum-
bling block for the amateur who wants to experiment 
with microwave communications. I'd like to thank 
W6DSL and WA6HWV for their help in evaluating the 
performance of this antenna. 

You should check the focal length of your 
own "Saucer Sled," as my measurements 
were made with only one sample, and I 
don't know how closely the dimensions are 
controlled during manufacture. If you can 
find a store that stocks these "Saucer Sleds," 
select one with a minimum of dents. Mine 
arrived with some dents that probably oc-
cured during shipping. Unless the dents are 
quite severe, however, they should not ap-
preciably affect performance. 

the mount 
A suggested mounting method is given in 

fig. 3, but feel free to use your own ideas. 
Bear in mind there should be no relative 
movement between reflector and feed, nor 
between antenna and mount. Be sure to al-
low for focusing adjustments and elevation 
angle, because this antenna has a narrow 
beamwidth: about 10 degrees at 3300 MHz. 
The beamwidth is proportional to frequency 
(i.e., about 3 degrees at 10,000 MHz.) The 
feed should have a total of two wavelengths 
(approximately) of travel around the mea-
sured foca! point along the antenna axis. 
This is 6 inches or so at 3300 MHz. 

references 
1. K. E. Peterson, K3KRU, "Practical Gear for Ama-
teur Microwave Communications/' QST, June, 1963, 
pp. 17-20. 
2. C . C. Southworth, "Principles and Applications 
of Waveguide Transmiss ion," Van Nostrand, 1950, 
pp. 415-9. 

ham radio 

fig. 3. A suggested scheme for mounting. Rigidity is important because of the narrow beamwidth. 
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two and six meters 

Eliminate the 

guesswork in 

alignment problems 

with this compact 

vhf signal source 

C* 
ffl «* 
c a 

•SP Is u 

u O <j 
c 
re 

X 

o cs 

* 
re 
Q. 
C 

"5 
—i u 
2 

O 
CO < 

u 
re 
a 
N 

C 
o 
c w a > 

After several years of trying to align home-
buill vhf converters and converted surplus 
equipment using harmonics from a cheap 
kit-type signal generator, I decided it was 
lime for a change. Commercially built and 
surplus vhf generators were beyond my bud-
get. I had thought seriously about building 
an 8-MHz harmonic generator, but the prob-
lem with these is knowing for sure you're 
aligning on the correct harmonic. 

I started the project described here with 
the idea of building a temporary signal 
source for two meters. I ordered an OX-H 
oscillator kit with an EX crystal ground for 
48.000 MHz.* The crystal's third harmonic 
was to provide the two-meter output. 

The oscillator was much belter than I ex-
pected. H has a range of 45 to 60 Ml-te with-
out retuning. The specification sheet with 
the OX-H oscillator kit stated that an AOS-
A1 audio oscillator could be used to tone-
modulate the crystal oscillator. So, here were 
the major elements for a stable, accurate, 
modulated signal generator. I then ordered 
the audio oscillator, and the temporary sig-
nal source evolved into a permanent item of 
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test equipment with all the features I needed 
(see fig. 1). A crystal switch would provide 
signals for six and two meters without re-
tuning the oscillator. The crystal frequency 
could be used for 50 to 54 MHz, and the 
third harmonic of crystals in the 48.000 to 
49.000 to 49.333 MHz range could be used 
for output on 144 to 148 MHz. 

I have six marker frequencies and can 
add five more. Most two-meter activity is on 
the low end of the band, so I have more 
marker signals in this region. For two me-

to the instructions with the kit Touch-sol-
der the crystal socket so it can be removed 
after testing. Check out the oscillator by lis-
tening for the signal in a receiver. When the 
oscillator is working properly, remove and 
discard the crystal socket. Set the oscillator 
aside for the time being. 

The AOS-A1 audio oscillator has one 
mounting hole at the rear. The audio oscil-
lator must be insulated from the chassis. Use 
a sharp knife to remove the copper foil for 
approximately 1/8 inch around the mount-

fig. 1. Schematic for the vhf signal generator. Four crystals are shown; up to eleven can be used. 

ters, my marker signals are 144, 145, 146, 
and 148 MHz. I also plan to get on six me-
ters, so my signal generator has outputs on 
50 and 51 MHz. 

construction 
I used a Bud CU-463 cabinet, because I 

happened to have one in the junkbox. How-
ever, the chassis will fit into a 6x6x6-inch 
cabinet; for ease of inserting crystals, I rec-
ommend the latter. 

Assemble the OX-H oscillator according 

* International Crystal Mfg. Co., Inc., 10 North Lee, 
Oklahoma City, Oklahoma 73102. (OX-H kit, $2.95 
ppd. EX crystals, $3.95 each ppd. AC-5 crystal socket 
$.15 each, shipping weight 2 ounces. AOS-A1 tran-
sistor audio oscillator, $9.95, shipping weight 2 
pounds.) 

ing hole. To provide two-hole mounting, I 
drilled a 9/64-inch hole in the clear area 
behind terminal 6. This completes the prep-
aration of the modulator assembly. 

crystal switch 
A Centralab PA1001 phenolic switch was 

used for the crystal switch assembly. The 
phenolic switch has a shorter and more di-
rect path than ceramic switches. 

Prepare the crystal sockets by bending 
one terminal out. Solder the bent terminals 
directly to the switch terminals. Crystal 
sockets 1, 5 and 6 should be almost verti-
cal. If eleven sockets will be used don't 
solder sockets 10 and 11 until the audio 
oscillator is mounted on the chassis. Posi-
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fig. 2. Layout for the chassis. A piece of aluminum 
is used, measuring 4'A by 6 inches. 

tion crystals 10 and 11 so Ihey'll clear the 

A O S board. Remove slop tabs on the 

switch to correspond with the number of 
crystal sockets used. 

Make a 1-3/8-inch diameter circle of 

number 16 bare or tinned copper wire, and 

leave a 1-inch pigtail. Place the wire circle 

behind the crystal switch so the pigtail is 

lined up with the switch center contact 

terminal. Solder the ground terminals of 

the crystal sockets to the wire circle, then 

solder a 1-inch pigtail of number 16 wire 

to the switch center contact. Set the switch 

assembly aside. 

the chassis 
Lay out the chassis on a 4-3/4x6-inch 

piece of aluminum in accordance with the 

dimensions given in fig. 2. Bend the bot-

tom chassis back. Position the audio os-

cillator with terminals flush with the left 

(from the front) edge and centered from 

front to rear, then mark and drill the 

mounting holes with a 9/64-inch drill. 

Bend back the upper chassis, and drill 

four 9/64-inch holes for the rf oscillator. 

(The rf oscillator will be positioned flush 
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with the rear of the chassis.) Next, drill 

the two switch holes on the vertical chas-

sis. The cabinet front panel is drilled to 

correspond with the switch holes in the 

vertical chassis. Depending on the type of 

jack you use, drill the rf output jack hole 

between the switch holes, from to V2 
inch above. Be sure the jack clears the rf 

chassis. 

final assembly 
Begin assembly by mounting the rf jack 

on the cabinet front. Mount the rf oscil-

lator on the chassis, using the mounting 

hardware supplied with the kit. Be sure the 

rf terminals are to the front. Secure the 

chassis to the front panel with the switches. 

Pass the switch through the chassis hole, 

then through the front panel hole, and 

tighten the mounting nut. Mount the crystal 

switch so the pigtails are as close as pos-

sible to the crystal holes in the OX board. 

Pass the wires through the holes, cut off 

excess, and solder. 

The function switch (SW 1 in fig. 1) car-

ries only dc, so any three-position switch 

can be used. Using the terminals supplied 

with the O X kit, wire the rf and ground 

to the rf output jack. Mount the A O S board 
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table 1. Specifications for 

frequency range 

frequency tolerance 

operation temperature 
range 

rf output at crystal 
frequency 

modulation frequency 
audio distortion 
power requirements 

the vhf signal generator. 

45 to 60 MHz and 
harmonics 

0.02 percent of crystal 
frequency 

0 to 50 degrees 
centigrade 

0.2 V rms into 50-ohm 
load 

1000 Hz ±10 percent 
less than 15 percent 
6 Vdc unmodulated 

at 20 mA; modulated, 
70 mA 

using two 3/8-inch long insulated spacers. 
Connect the batten' positive lead to the 
rotary terminal of the function switch. 
Connect a wire from number 2 lerminal 
of the function switch to the 6 V lerminal 
on the OX board. Connect anolher wire 
from ihe number 2 terminal on the func-
tion switch to terminal 2 on the AOS 
board. Connect a wire from terminal 3 
on function switch to terminal 5 on the 
AOS board. 

If a small six-volt battery or a holder 
with four pen cells is used for power, these 
can be mounted on the right rear corner of 
Ihe lower chassis. Make a strip clamp, or 
boll the holder directly to the chassis. This 
completes construction of the signal gen-
erator. 

supplementary data 
Specifications of the vhf signal genera-

tor, from the International Crystal Mfg. 
Co. specification sheet, are presented in 
table 1. The literature supplied with the 
OX kit shows several rf coupling circuits. I 
use a 7-inch length of insulated number 18 
wire in a phono plug for a vertical whip 
antenna. Good marker signals are re-
ceived through the station antenna with 
this arrangement. You can also use a loop 
on the rf output to calibrate a grid-dip os-
cillator at the oscillator crystal frequency. 

Interesting articles on the OX oscillator 
and EX crystals appear in reference. 

references 
1. Don Nelson, WB2CGZ, " A Look at Ihe EX Crystal 
and lis Osci l lator," ham radio, April , 1968, p. 60. 
2. Howard S. Pyle, VV/OE, "Mini-spotter Frequency 
Chccker ," ham radio, May, 1969, p. <10. 
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NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup-
p r e s s e s no i se g e n e r a t e d by auto ign i t ions , 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 

Features include modern solid state design 
techniques utilizing dual-gate MOS FET transTs-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gam controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown installed on a Swan 250 at 
accessory socket location. 
Simplified installation requires twenty minutes. 
TNB-250 $29.95 ppd. 
TNB-250C (for Swan 250C) $32.95 ppd. 

Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 

NOISE BLANKER 
W E S T C O M 

Choice of 14-20, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 10 or 20 
meter converter output. 
Model TNB $29.95 ppd. 

(For special frequencies add $3.00) 

Refer to the New Products column of the 
August "68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

W E S T C O M 
ENGINEERING COMPANY 

P. O. Box 1504 San Diego, Cal. 92112 
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construction details 

of a 12-element 

collinear array 

for high performance 

on 50 MHz 

4) 0) Vi trt 01 c c v H-

> 
t-«s 
s 

lo 
o 
B£ 

J3 
O 
at 

o in 

o 
oe UJ t 

Si 
c « 

c 
o 

With more and more people getting on vhf 
in a serious way, vhf antennas have become a 
lively topic of conversation. One antenna 
thai has always been popular with the 2-
meter-and-up enthusiasts is the collinear; 
this is not without reason. 

The collinear doesn't have quite as much 
gain, element for element, as a Yagi but it 
has two important advantages: low-Q opera-
tion and broad radiation pattern. The low-Q 
feature means that you can move over large 
parts of a band without fear of high swr. The 
broad radiation pattern means that aiming is 
not as critical; with high gain arrays this is a 
real advantage. 

Although collinears are very popular on 
144, 220 and 432 MHz, very few seem to be 
used on six meters. This is unfortunate be-
cause a rotatable eight-, twelve- or sixleen-
element collinear for six meters offers one 
more advantage; it's easy to assemble up on 
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top of the tower. Since no part of the an-

tenna has to be more than an arm's length 

from the tower itself, you don't have to bal-

ance a 20-foot boom or try to wrestle SO 

pounds of aluminum tubing up through a 

maze of guy wires. 

six-meter collinear 
I hit upon the idea of a collinear for six 

when I was contemplating what kind of an-

tenna I could put on my own 50-foot tower 

— a handy hickory tree. Obviously a long 

Yagi was out of the question. If I built it on 

The 12-elemont collinear beam uses a 
handy hickory tree for support. 

A / 4 
BAUUM 

fig. 1. Electrical construction of the 12-
element collinenr for 6 meters. 

the ground, I would nevpr get it up through 

the branches, and I wasn't about to climb 

hand-over-hand out on the boom to fasten 

on the elements while floating between 

heaven and earth. 

With a collinear I could build each bay at 

tice top level without leaving the security of 

the hickory trunk, then raise each bay in 

turn by running the pipe mast up nine feet, 

and build the next bay. It was a snap. With a 

minimum of danger, work and investment, I 

had the most exciting six-meter beam I have 

ever used. 

I am not going to give you all the mechan-

ical details because the average ham should 

be able to equal my design or improve upon 

it. 

construction 
The booms are made of redwood, the ele-

ments are electrical conduit, and the insu-

lators are ceramic rods and standoffs I picked 

up locally. Plexiglass is an excellent substi-

tute for the insulators, aluminum would re-

sult in much lighter (and more expensive) 

elements, and oak might make more rigid 
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fig. 2. Mechanical construction used by K4ERO 
uses electrical-conduit elements, surplus in-
sulators and redwood booms and support arms. 

booms. I bui l t my beam for under twenty 
dollars, and it has been up for more than a 
year. 

Each driven element is 110 inches long 
and each reflector, 116 inches. The booms 

those days before spark... 

are 3V2 feet long and stacked 9 feet apart 
(see fig. 1). The balanced phasing sections 
and balanced feedl ine are transformed to 75 
ohms unbalanced through a balun. The ro-
tating section consists of two half-wave sec-
tions of coax spliced into the open-wire l ine 
in the vicini ty of the rotator. 

results 
The performance of this array has more 

than exceeded expectations. Tire beamwidth 
is about 60° at the 6-dB points, and the front-
to-back ratio appears to be near 30 dB. The 
swr is less than 2:1 over the entire six-meter 
band; f rom 50 to 51 MHz, swr is negligible. 

If there's a signal there, this antenna w i l l 
capture it. I consistently work stations 300 
to 400 miles away and can work over 200 
miles anytime w i th 15 watts of single side-
band. I have worked K4GXM (20 miles 
away) when he was running 1 m W of ssb to 
a 3-element beam. Scatter signals are very 
much in evidence on the low end of the 
band almost anytime, and if the band opens 
up suddenly, the w ide beamwidth of this ar-
ray means you are more l ikely to hear sig-
nals w i thou t careful aiming. 

They say if your vhf beams stays up all 
winter , it's too small. O n that basis I have 
decided that a 12-element coli inear for 50 
MHz isn't really a big beam—wou ld anyone 
care to try 16? 

ham radio 

"How about you taking the "dah" side for awhile?" 
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l a r r y a l i e n 

tuning up ssb transmitters 

If you missed last month's repair bench I 

recommend you go back right now and read 

it. If you've forgotten what it said, review it 

briefly. 

For the working methods I outl ine in the 

next few pages, I assume you know how the 

equipment works. The explanations are only 

detailed enough for clarity. If you don't un-

derstand ssb, you shouldn't try a full al ign-

ment job anyway. Likewise, manufacturers' 

instructions seem like Greek unless you know 

how ssb works. (Editor's note: An excellent 

explanation of single-sideband appears in a 

series of ssb articles beginning with March, 

1968 ham radio and running through Feb-

ruary, 1969.) 

getting ready 
Here are a few items you want to make 

sure are handy on your repair bench before 

you start an al ignment job. You' l l need a 

vtvm with an rf probe, rf signal generator, 

separate audio generator, osci l loscope, and 

al ignment tools to fit the adjustment screws 

and transformer slugs. 

Gather the equipment around you, on a 

cart or on the shelf of the bcnch. Get it 

turned on, warmed up, and checked out to 

make sure it works okay. 

Warm up the transmitter, too. Heat up all 

the tubes, and key it briefly into the d u m m y 

load a few times. However, if you're aligning 

it from scratch, don't key it until certain 

things are checked. 

My example is a triple-conversion trans-

ceiver—you don't see too many of them, but 

they're great for demonstration. Many of its 

stages and arrangements are typical of other 

brands and models. There's a block diagram 

of it in fig. 1. It's an SBE model SB-34. Many 

SB-34 stages do double duty—more than in 

most transceivers. For the most part, I'll be 

concentrating on the transmitter. 

However, this double service brings up 

something important: align the receiver first, 

whenever you have a transceiver on the 

bench. Transmit operation may depend on 

proper al ignment of receiver stages. If you 

always align the receiver before you go 

ahead with transmitter alignment, you'l l save 

yourself some going back to do part of the 

job over. 

A l ign ing the SB-34 receiver is the same as 

any triple-superhet. Just be sure you do it 

accurately. Later, transmitter alignment de-

pends on how well you al igned certain mu-

tual stages. 

Presetting the operating (front panel) con-

trols is an important first step. The manu-

facturer's booklet usually lists them. For the 

SB-34, be sure pa tune and pa load are fully 

counterclockwise (ccw). Turn mike gain R1 

all the way down. The sideband switch goes 

at usb. The front-panel meter should be 

switched to read plate current of the final, 

the stage most l ikely to be damaged if tuning 

adjustments aren't carried out properly. 

Internal adjustments to preset in the SB-34 

are voltage regulator (not shown), final bias 

pot R81, neutralizing capacitor C86, and 

such. As I said, the manufacturer's al ignment 

instructions list the preset controls and tell 

how to set them. 

Certain voltage tests should often be mode 

before the transmitter is keyed on for tuneup. 

Check plate and screen voltages on the 

finals and driver, the bias source for the 

finals, and any regulated voltages (the vfo 

B-plus supply is regulated in the SB-34). 
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Measure norma! B-plus, wi th the unit on 
standby or in receive mode. 

getting to work 
Now for some alignment. Begin with the 

bandswitch set for the highest band, and the 
vfo at the high end of its dial. With no mike 
input and mike gain full ccw, adjust the bias 

two outputs as shown in fig. 2. Build the 
simple three-resistor isolation network. 

Identify the frequency of the audio tone 
from your rf generator. Set the dial of the 
audio generator to furnish a signal about 1 
kHz higher in frequency. Adjust the output 
controls of the two generators to supply the 
same level of signal. 

CRYSTAL 
OSCILLATOR 

T 
BALANCED 
MOOULATOR 

BAND-
CHANGING 

HF 
CRYSTAL 

OSCILLATOR 

4 5 6 kHl MECHANICAL FIRST k « > MIXER 
(VFO) AMPLIFIER FILTER MIXER k « > MIXER 
(VFO) 

MICROPHONE IN-BAND 
VFO BUFFER AMPLIFIER TUNING VFO BUFFER 

"(J)" 
C90) (RBI 

THIRD 
MIXER 
(HF) 

LINEAR 
FINAL 

AMR-IFIER 

ANTENNA \ 
TUNING 

C78) ( U O 

fig. 1. Abridged block diagram of SB-34 ssb transceiver. It is used as an example of how alignment is done. 

pot for the finals so the plate-current meter 
on the front panel reads about 1.2 mA. Plate 
current in the finals wi th no modulation 
should be no more than 1.5 mA and no less 
than 1.0 mA. 

Next job is to adjust the pa tune and the 
pa load knobs, which are operating (front 
panel) controls on the SB-34. This is done 
best wi th a tw?o-tone signal going through 
the transmitter. 

Use the audio generator and the audio 
signal from your rf signal generator. Mix the 

Feed the two signals into the mike jack of 
the ssb transmitter. In the balanced modu-
lator, they generate two sideband signals 
about 1 kHz apart. If the two tones are pure 
sine waves, wi th no significant harmonics, 
they produce in the transmitter two rf signals 
near the output frequency but 1 kHz apart. 

An oscilloscope connected to the output 
of the transmitter displays the pattern in fig. 
3A. The scope's sweep should be set to 
about 500 Hz, to lock in two full cycles of 
the beat note (which is somewhere near 
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1000 Hz). A scope connected across the 

dummy load is handy to watch for signs of 

instability during adjustment. 

adjusting the final 
With the two tones applied, turn mike 

gain up just enough to make a slight reading 
on the rf output meter. Adjust pa tune for a 
dip in the dc plate current meter on the 
front panel. Then, watching the rf output 
meter, adjust 17 and C90C for maximum rf 
output; they are driver tuning adjustments. 
Again dip the final plate current with pa 
tune. 

A little at a time, turn pa load clockwise 
to increase rf output. After each increase, 
turn pa tune slightly counterclockwise and 
then clockwise till the deepest dip is ob-
tained on the dc plate current meter. 

As you advance the loading, watch the 
scope for signs of instability. You can also 
see them in erratic actions of the meters. 
Instability means you need to adjust neutral-
izing trimmer C86, which feeds back some 
rf signal to the driver. 

It's even better to neutralize as you go 
along. After every couple of advances in 
loading, after you've re-dipped pa tune, 
touch up C86 so the dip on the dc plate 
meter coincides with the rf output peak on 
the output meter. That keeps the stage neu-
tralized properly and prevents it breaking 
into oscillation at all. 

Load the final until there is no further in-
crease in rf output when you turn the pa 
load knob further clockwise. Then turn it 
back ccw just enough to reduce rf output 
noticeably. Re-dip the pa tune knob, check 
neutralization, and the linear final is tuned. 

Caution: Never keep the transmitter keyed 
on more than a few seconds with the two 
tones applied. It's bad for the driver and 
final tubes. 

Go back to the output of the last mixer. 
Adjust L2 and C90A for maximum rf output. 
Do the same again with L7 and C90C. (C90B 
—not shown—was adjusted during receiver 
alignment.) 

for linear operation 
Now is a good time to check linearity of 

the final, mixer, and driver stages. Turn up 

the mike gain until the sine waves on the 
scope begin flattening out on top like those 
in fig. 3B. With mike gain not quite making 
flat tops, recheck pa tune, neutralizing, and 
mixer and driver adjustments. Also make sure 
the pa load knob has a slight leeway to be 

AUDIO OUTPUT 

l b 

lb 

fig. 2. Build the mixing pad to keep the two 
generators isolated. Set their outputs (or the 
same level; scope is a good indicator. 

turned clockwise and still cause an increase 
in rf output. However, always leave it slightly 
ccw from maximum rf output. 

Rf output from the SB-34 should be at 
least SO watts (about 50 volts across a 50-
ohm load) in this test. If, to get that much 
output, you have to advance mike gain so 
much that the sine waves are flattened out, 
there is nonlinearity in the transmitter. If 
not, go on to the voice test. 

Disconnect the two-tone mixer resistors 
and plug the mike into its jack. At a normal 
voice level, say "a-a-a-h-h-h" into the mike. 
Turn up the mike gain until flat-topping is 
obvious in this new scope pattern. Back 
mike gain down enough to cure the flat tops 
and mark the position. That's the point of 
most linear operation. Rf output should be 
about 50 watts again. 

Now turn the mike gain down completely. 
Turn pa tune clockwise to a peak on the out-
put vtvm. Adjust 24-MHz trap coil L10 for 
minimum output reading. Turn up mike gain 
and re-dip pa tune. 

balanced modulator 
If you had any trouble with flat-topping 

before the rf output reached about half the 
unit's PEP output rating, something is amiss 

A T 

JACK 

ABOUT i kHl HIGHER 
-THAN TONE FROM RF 

GENERATOR 
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in the transmitter. Most likely trouble spots 
are the balanced modulator and the linear 
final. Check the modulator first. The stage is 
shown in fig. 4. 

Turn mike gain fully ccw. You want abso-
lutely no modulation. First adjust the poten-

© 
fig. 3. Four cycles of two-ton* beat ligral in rf output 
B shows flat-topping. 

checking other bands 
The SB-34 is a multiband transceiver cov-

ering 15 through 80 meters. You'll need to 
align the other bands. 

Set the bandswitch to 40 meters and tune 
to 7.075 MHz. Advance mike gain to mid-

o 
of ssb transmitter. A shows normal full modulation; 

tiometer for the least rf output across the 
dummy load. Then do the same with the 
capacitor. Both are labeled carrier balance 
in the diagram. In some transmitters one may 
be called carrier null. 

Flip the usb/Isb switch back and forth. 
The rf output reading should be the same 
in either position, and very low—in the SB-
34, only a fraction of a volt across the 50-
ohm dummy load. If the reading changes as 
you flip the switch, readjust the slug in T2, 
the transformer at the output of the balanced 
modulator. Then again set the pot and trim-
mer for least rf. Find the 12 setting that 
leaves the sidebands balanced when rf is 
minimum. 

fig. 4. Balanced modu-
lator in SB-34 is very 
typical. Balancing con-
trols may have differ-
ent labels; some mod-
els may have two 
trimmers. 

range. Adjust the 40-meter (rear) slug of 17 
for maximum rf output. Tune up pa tune 
and pa load as usual. You shouldn't need to 
change the neutralizing trimmer. 

Switch to 80 meters and tune for 3.8 MHz. 
The same slug in 17 affects 80 meters. Ad-
just it to split the difference between the 
output reading you got on 40 meters and 
the one you get on 80. With mike gain up 
almost to flat-topping, adjust pa tune and 
pa load. Output should be about 50 volts 
across the 50-ohm load. 

Switch to 20 meters and tune to 14.25 
MHz. Advance mike gain and tune up pa 
tune and pa load. At flat-topping, output 
should be 50 volts or more. 

MJDIO 
ci 

iff 
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In most ssb transmitters, only one oscil-
lator is variable; the others are crystal con-
trolled. In fig. 1, you can see several adjust-
ments in those crystal oscillator and mult i-
plier stages. You need only one simple rule 
of thumb to align them. 

Connect an rf probe and vtvm to the 
driver stage. Be sure receiver alignment has 
been done. Work backward, aligning in this 
order: L6, T6, L4, T3, T5, and T4. Adjust 
each one for maximum rf measured at the 
driver. These adjustments are merely peak-
ing devices for their respective signals; 
they're adjusted to pass along the most rf to 
the main transmitter stages. 

A few transmitters have trimmers in the 
oscillators, to warp crystal frequencies pre-

Then proper tracking among the various 
bands becomes a matter of making sure the 
crystals in the band-changing oscillator (see 
fig. 1) are accurate. Again, a frequency meter 
or calibrated receiver is the best indicator. 
Some transceivers have a 100-kHz calibra-
t ion oscillator; you calibrate the receiver 
mode wi th that, and then check the trans-
mitter against it. 

other transmitters 
Most of these principles outl ined apply to 

all ssb transmitters. But of course there are 
exceptions, when transceivers have unusual 
stages. Study the schematic and block dia-
gram of any transmitter you have to align. 
If the instruction manual doesn't have a 

TEST POINT O 
I EMITTER) 

AF 
AMPLIFIER 

VFO OR 
CRYSTAL 

OSCILLATOR 

fig. 5. Early stages in transmitter using 9-MHz carrier frequency. In Gonset model, frequency 
trimmer (C23) is set according to rf voltages at test point after the filter. 

cisely. They can be adjusted wi thout a fre-
quency meter, if the rest of the alignment 
has been precise. The maximum-rf system 
works for them, too. 

An exception is the variable frequency 
oscillator, which determines output fre-
quency. Fortunately, frequency precision 
isn't serious in the ham bands unless you're 
working near the edge. 

Many vfo's have trimmers to calibrate the 
dial. This is done best in the cw or tune 
mode of the transmitter, so a carrier is being 
generated. The sideband could cause con-
fusion. Best test indicator is a frequency 
meter, or a receiver that has been calibrated 
against W W V recently. 

The way most transceivers develop their 
output frequencies—by a form of synthesis— 
the vfo has only one band to be calibrated. 

block diagram, draw one; it ' l l help you un-
derstand what you're doing during align-
ment. 

One typical exception is the 9-MHz car-
rier oscillator adjustment in a Gonset trans-
ceiver. If it's wrong, the sidebands are offset 
and distorted because they miss the band-
pass curve of the filter that follows. There's 
an abbreviated block diagram of the ar-
rangement in fig. 5. 

If the oscillator puts the sideband off to 
one side of the filter's response curve, the 
amount of signal reaching the first trans-
mitter mixer is less than normal. So the rf 
voltage at the emitter of that mixer is a 
good indicator. You adjust C23, the carrier 
oscillator tr immer, until rf at that point is 
exactly 65 mV (0.065 volt). More or less 
means the carrier oscillator is off frequency. 
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linear amplifiers 
The steps you followed with the final stage 

of the SB-34 are similar to those for any 
high-power linear final. However, there are 
precautions. 

Set the bias before you do anything else. 
You may refine its adjustment later, but the 
main thing is to keep the bias high until 
everything else is properly tuned. 

Next thing is to get the plate tuning 
dipped as soon as you can. That keeps cur-
rent low and protects the tube (or keeps the 
overcurrent relay from kicking out). Make 
sure the exciter is furnishing enough signal. 
You can usually tell with an rf meter across 
the linear-amp input. Remember that you 
can't judge drive from the grid voltage; a 
linear amp doesn't develop grid current the 
way a class-C amplifier does. 

When you're loading a linear amplifier 
into the antenna, do it gradually. Watch the 
dc plate current meter as well as the rf 
power output indicator. Many linear ampli-
fiers can be loaded well beyond their proper 
(or legal) operating limits. 

After each load increase, re-dip the plate 
tuning. Notice whether the rf output peak 
and the plate-current dip occur at the same 
setting of the plate tuning capacitor. If not, 
neutralize the stage before proceeding. An 
oscillating 1-kW linear can make a lot of 
trouble both for the tube and for parts in 
the circuit. It can start arcs you'll find nigh 
impossible to stop. 

next month 
So much for tuning up and aligning ssb 

transmitters. With what you've learned here, 
you should have no trouble following manu-
facturers' instructions or working out an 
alignment procedure for your own home-
brew ssb rig. 

The subject of next month's repair bench 
applies equally to ssb, am and cvv rigs. It's 
oscillators. True, ssb rigs have a lot of them, 
but no transmitter can operate without at 
least one. 

When an oscillator quits, it can be one of 
the most difficult troubles to pin down. So, 
be here next time and I'll explain in detail 
what makes oscillators quit. u a _ r a t i : 0 
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oscillators 

The 40-meter Seiler oscillator shown in 
fig. 1 was built by K1BBU as part of a 
low-power solid-state transmitter. Inductor 
L1 consists of 23 turns number 20 enamel-
led wound on an Amidon T68-2 toroid 
form (L = 3.2 ^H). C1 is a 15-pF variable 
with a minimum capacitance of 2.3 pF 
(E. F. Johnson 148-1). C2, the 60-pF padder, 
is used for setting the frequency range. 
With these tuned-circuit constants the vfo 
tunes from 6.93 to 7.24 MHz. K1BBU re-
ports that this circuit exhibits excellent 
stability and keying characteristics. 

The Seiler oscillator circuit shown in 
fig. 2 was built by W1DTY to see if the 
stability of a completely non-temperature-
compensated Seiler oscillator was stable 
enough for 455-kHz ssb generation. Total 
drift in this circuit, as measured with a 
frequency counter, was 40 Hz, including 
warm-up drift. With a 33-pF N750 capac-

fig. 1. Seiler oscillator tunas 6,9 to 7.2 MHz. 
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itor in parallel with the inductor, drift was 
less than 10 Hz from turn on. A 455 kHz 
crystal oscillator was turned on at the 
same time for comparison purposes; total 
drift of this circuit (shown in fig. 3) was 
4 Hz. 

r 

*43PF PADOER IN PARALLEL WITH 3OOPF WCA 

fig. 2. This 455-kHz Seiler oscillator ex-
hibited less than 10 Hz drift when compen-
sated with a 33-pF N750 capacitor. 

Inductor L1 in the 455-kHz Seiler oscil-
lator consists of 190 turns number 26 enam-
elled on an Amidon T68-2 form. When 
the 33-pF temperature compensating ca-
pacitor was added to the tank circuit, the 
300 pF mica was reduced to 270 pF. 

The buffer circuit in fig. 2 provides ex-
cellent isolation for the oscillator and is 
capable of putting nearly 50 milliwatts 
of rf into a 50-ohm load. 

The simple crystal oscillator circuit 
shown in fig. 3 is an excellent circuit for 
crystals between about 70 kHz and 2 MHz. 
It presents a 32-pF load for the crystal. 
The voltage at the collector of the tran-
sistor should be approximately one-half 
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the supply voltage and can be adjusted 
by changing the value of the 100k base-
bias resistor. 

A simple crystal oscillator circuit for the 
frequency range between 2 and 20 MHz 
is shown in fig. 4. This oscillator is a modi-
fied Pierce circuit that provides good out-
put and high stability. For proper opera-
tion the output of this circuit should work 
into 600 ohms or more. If the output load 
is less than 600 ohms, the fet-bipolar buf-
fer circuit shown in fig. 2 may be used. 

overtone oscillator 
The simple transistor overtone oscillator 

shown in fig. 5 is designed for overtone 
crystals in the frequency range from 20 

o-tiev 
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T • i an - t 

rn 

7-25 1 U 
OUTPUT if VUTP —It _o 

frequency (MHz) 

2 0 - 3 5 
3 5 - 6 0 
60-100 

rh 

L1 

2.4 jxH (Miller 4606) 
.68 /iH (Miller 4590) 
.22 fiH (Miller 4584) 

fig. 5. Simple overtone oscillator covers the range 
from 20 MHz to 100 MHz. 

+ KV 

fig. 3. Simple crystal oscillator circuit 
for crystals from 70 kHz to 2 MHz. 

MHz to 100 MHz. The frequency of opera-
tion is determined by the tuned circuit. 
Capacitor C1 is a 25 pF trimmer with a 
minimum capacitance of 7 pF or less. In-
ductor L1 is chosen for the desired fre-

fig. 4. This modified Pierce oscillator is use-
ful for crystals from 2 to 20 MHz. Output should 
not be loaded with less than 600 ohms. 

quency as shown in the table in fig. 5. 
Most npn transistors with an f T of 200 
MHz or more will work in this circuit. In 
operation, the tuned circuit is adjusted to 
the overtone frequency of the crystal. 

half-watt solid-state 
cw transmitter 

I have a friend who ridicules solid-state 
equipment, even after I've worked both coasts 
from mid-USA, on six-meter phone with 
100 milliwattsl So I told him I'd build and 
give him a solid-state cw transmitter. Its 
schematic is shown in fig. 6. 

I made it as simple as possible, using 
junkbox parts and surplus or bargain tran-
sistors. It has only one tuned circuit, the 
output. The complete circuit evolved from 
several other circuits plus some ideas of 
my own. 

At first, some of the base loads were 
rf chokes, but due to feedback or chassis 
ground loops, the final "took off" when 
detuned, so resistors were tried (with the 
same dummy antenna load). The resistors 
remained, and the unit is very stable. 

The rf chokes are peaking coils from an 
old tv set; transistors are from IBM or 
similar boards sold everywhere. The coil 
is from an old surplus receiver. 
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fig. 6. Solid-state cw transmitter built from junk-box parts. It puts out a half watt using a 12-volt supply. 

The unit may be run at 15 or 16 volts, 
but all transistors should have heat sinks. 
It would be a good idea to change the 
15 kilohm resistor in the oscillator base 
if you plan to run more than 12 volts. 
(Try 22 kilohms to 27 kilohms.) 

The unit was connected to a Bird watt-
meter and indicated 200 m W at 9 volts 
and 500 mW at 12 volts, with a total cur-
rent drain of around 100 mA at 12 V. 
You'll probably get more output with a 
2N697 in the final, because it has more 
gain than the 2N696. In my case, the 
2N697 worked better in the driver stage. 
This will light a number 47 bulb to about 
normal brightness. 

!f the second harmonic is bad, try the 
trap shown. Dip it with a G D O , or insert 
a 15-MHz crystal in the unit and adjust 
the trap for no output, using your receiver. 
(The trap wasn't installed on his trans-
mitter.) 

Bill Esiick, K0VQY 

three bands with two linears 

Having two linear amplifiers is a sign of af-
fluence, but they're mighty handy when 
there's a need to change bands quickly. I had 
a Hunter Bandit, but found a Heathkit SB-
200 at a very attractive price, so 1 bought 
it. It occurred to me that here was a way 
to have one final for 10 and 15 meters 
(the SB-200) while the Hunter was on 20. 

However, a question immediately arose: 
How can you have both linears in the 
line without a batch of switches or re-
lays, or without manually changing coax 
cables? A brain storm gave me the an-
swer, although at first I had some trepida-
tions about trying it. 

Each linear has an internal antenna re-
lay that permits the exciter output to go 
directly to the antenna if the power to the 
linear is not activated. With the linear 
power on, the linear output goes to the 
antenna, while the exciter drives the lin-
ear. As shown in fig. 7, I connected the 
exciter to the input of one linear and the 
output of the second linear to the anten-
na. Two ac outputs from each linear are 
always connected to the line. 

Thus, if I turn on the power to linear 1, 

fig. 7. Arrangement for separate amplifiers to 
give dual-band coverage. A spdt switch switches 
exciter vox between amplifiers. 

EXCITER 
VOX 

RELAY 
O 
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its output goes through to the antenna 
output of linear 2 and out on the air. If I 
put the power on linear 2, the exciter feeds 
through the relay in linear 1 to the input 
of linear 2. Just don't put both linears on 
at once! 

The only other addition is a small 
switching arrangement to enable you to 
switch the output of the exciter vox-con-
trolled relay to one or the other of the 
linears. As they run on different principles, 
I couldn't figure a way to avoid that one 
switch. However, someone may come up 
with an idea. 

Gay E. Millius, Jr., W4NJF 

low-voltage zener tester 
With the advent of transistors and IC's, 

it's desirable to have low-voltage power 
supplies and transistor testers for use on 
the workbench. The tester described here 
is not the ultimate in zener testers, nor do 
I make any claim for its originality. But 
it does work, is very accurate, and the 
cost is within the reach of most serious 
hams and experimenters. It will measure 
zener voltage up to 10 volts at the desired 
current from 15 mA to 40 mA. 

I must point out that you can't see the 
response curve of the device (a curve 
tracer is needed for this); but if you're 
certain the device is a zener, this tester 
will measure its breakdown voltage and 
allow selection of precise voltages. You 
can also check voltages of unmarked and 
surplus devices. 

For testing low-voltage zeriers, I feel it's 

desirable to use a constant-current source. 
A standard parameter used by many com-
panies for 400 mW, 2.2- to 10-V zeners is 
20 M A . 

The voltmeter consists of the 100-mA me-
ter 1 and its 100k multiplier. The accuracy 
of your tester will be determined by the 
accuracy of these two components. 

I used a 100 M API meter with 0.5 per-
cent accuracy. Less expensive parts can be 
used if you're not too concerned with ac-
curacy. The meter should be no larger 
than 100 M , though because its loads the 
circuit. 

To set up the tester, merely plug it in 
and short circuit point A to point B 
through a 50-mA meter. (Yes short circuit— 
this is a constant current source.) Adjust the 
200-ohm pot for the desired test current. (I 
use 20 mA for 400 mA zeners.) Don't be 
concerned when the meter reads off scale 
without a zener across terminals A and 
B. The maximum output to the meter is 
only about 12 V dc, which means it's only 
about 20 percent overscale. This won't 
damage the meter. 

After this adjustment, place the zener to 
be tested across test points A and B. The 
voltmeter will drop to the zener voltage 
at the set current. 

If a unit should be placed backwards 
across points A and B, the voltmeter will 
drop to about 0.8 volt. 

The layout of components isn't critical. 
I built my tester on vectorboard and 
placed it in a Bud 4x5x6-inch minibox. 

M. Weinschenker, K3DPJ 

fig. 8. Zener-diode tester uses constant-current source that is adjustable from about 15 mA to 40 mA. Zener 
voltage is read on the voltmeter consisting of the 100 -microampere meter and 100k multiplier* 
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7.5 - 762MHI 2N9SS CASE 

fig. 9. Vfo used by WIOOP as part of his two-meter system. Diode 01 is an 8.4 to 9.3 volt reference diode such 
as the 1N935A or 1N3154; temperature coefficient is important. According to calculations, the power dissipated 
in the oscillator tuned circuit is less than 3 mW. 

vfo transistors 
When choosing a transistor for a vfo, 

several characteristics should be con-
sidered: power gain, thermal resistance 
and capacitance. Transistors with high 
power gain allow loose coupling to the 

resonant circuit so transistor changes have 
less effect on frequency; high f T ratings 
imply high power gain. 

Thermal resistance characteristics (de-
grees rise per milliwatt) are important be-
cause transistor characteristics and ca-
pacitances drift with temperature; less 

fig. 1. Oscillator transistors listed by figure of merit. 

JEDEC 
Number Type 

»T 
(MHz) 

Pin 
(mW) 

C „ b 
(pF) 

Thermal 
Resistance 

Figure 
of 

Merit Remarks 

2N1141 pnp ge 300 5 2 100 400 class C 

plastic 
2N918 

npn si 400 10 1.7 200 154 slow heating 

2N963 npn si 300 5 2.5 250 150 low-cost switch 

2N700A pnp ge 400 5 1.4 600 110* vhf 

2N2363 
40405 

npn si 300 10 3.5 150" 79 saturated switch 

2N4121 pnp si 400 10 4.5 250 76 slow drift 

2N3866 npn si 600 50 4 34*** 60 class C 

2N918 npn si 400 10 1.7 580 53 vhf 

2N706 
40404 

npn si 200 10 5 150** 45 saturated switch, 
some noisy 

2N1742 pnp ge 500 12 2.5 1000 27 slow heating 

2N3250 pnp si 300 50 6 150 16 general purpose 

* When biased at 5 V, 1 mA; figure of merit drops to 70 when device is biased to 5 V, 2 mA. 

** Use thermal resistance of 200°/W because of polarity. 

*** Use thermal resistance of 100°/W because of polarity. 
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temperature rise means less drift. Lower 
thermal resistances are found when the 
collector is tied to the case, so this is 
often an important consideration. 

Some applications require appreciable 
power output from the vfo, but if you 
don't need it, low-power operation is pre-
ferred. Pick a transistor that has high gain 
at low voltage and current; some types 
such as "forward-age i-f and rf ampli-
fiers" are poor performers at low voltage. 
Most transistors that are characterized for 
class-C operation are good. Computer 
types are usually good, but silicon "satu-
rated-switch" types may be noisy at low 
frequencies. Power level for crystal-con-
trolled oscillators is limited by crystal 
heating; high f T minimizes this. 

Other important considerations in vfo 
design are transistor size and polarity and 
supply voltage. Smaller transistor pack-
ages are preferred; as far as polarity 
goes, pnp transistors are preferred for 
grounded-collector operation in mobile 
power supplies in American cars. Mobile 
operation is also an important considera-
tion when discussing power supplies: auto-
motive battery voltage means a maximum 
of nine volts regulated—well regulated— 
to the oscillator. 

The best way of choosing a semicon-
ductor is to establish a figure of merit for 
oscillator transistors. This figure of merit 
should be proportional to fT , and inverse 
as the square root of the output ca-
pacitance at the operating voltage, in-
verse as the thermal resistance and in-
verse as the dc power input at the operat-
ing point. The transistors in table 1 are 
listed according to this figure of merit. 

The vfo transistor in the circuit of fig. 9 
is a 2N963, an inexpensive switching tran-
sistor with an extremely good oscillator 
figure of merit. In the circuit I built, emit-
ter voltage on the 2N963 is 5.3 volts and 
emitter current is 1.1 mA; total input pow-
er is 5.8 mW. Since the thermal resistance 
(junction to case) is Q.25cC/mW, the tem-
perature rise of the semiconductor junction 
in this circuit is 1.46°C maximum. Power 
dissipated in the tuned circuit is less than 
3 mW. 

The basic 7.2 to 7.5 MHz output of the 
vfo drives the doubler stage Q3; the out-
put from Q2 drives another 2N706 doubler, 
Q4, to 30 MHz. The 30 to 30.5 MHz output 
is used with a 114-MHz crystal controlled 
source in a conversion scheme to provide 
vfo control on two meters. 

Hank Cross, W1QOP 

trimmers 

The components illustrated above have 
not been ruined. This simple technique of 
adjustment may be old hal to electronics 
technicians, but it always seems to sur-
prise hams. It is especially useful when 
breadboarding with junk-box components. 

Resistors may be adjusted upward in re-
sistance as much as 50°/a with a file, as 
shown; the cut illustrated raised this re-
sistor by about 20%. With this method it is 
possible to make your own 1 % resistors 
or to match a set of components. The filing 
can be done with the resistor connected 
in a bridge or other active circuit; re-
member to start with a resistance lower 
than the desired value. For reasonable 
changes, the reduction in power-handling 
capacity is small. 

Ceramic capacitors may also be trim-
med in the same manner, with a file or 
grinder. Practical adjustment range is 
50%, and the illustrated capacitor mea-
sured about .0025 pF. In-circuit changes 
are possible. 

After reaching the desired value, brush 
or wash away any dust, and apply a coating 
of insulating varnish or spray. With careful 
preparation, these "precision" components 
are as good as the expensive kind. 

Dale E. Coy, W5LHG 
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CQ de W2KUW 
WE NEED YOUR SURPLUS TUBES 

1P21 
2C39 

2K25 
2K48 

2K (any digits) 
3-400 

3-1000 
3B24 

3B28 
3CX2S00 

3CX3000 
3CX5000 

3CX10.000 
3E29 

3K (any digits) 
4-65 

4-125/4D21 
4-250/5D22 

4-400A/8438 
4-1000A/8166 

4X150A 
4CX250B 

4CX250R/7580W 
4CX300 

4CX250A/8321 
4CX1000A/8168 

4CX3000A/8169 
4CX5000A/8170 

4CX5000R/8170W 
4CX10,000/8171 

4X150G/8172 
4PR60A or B 

4PR (any digits) 
5-125B/4E27A 

5R4WGB 
6BL6 

6BM6 or 6A 
6L6 

7D21 
8D21 

9C21 
9C25 

75TL 
304TL 

VA (all types) 
250TH 

450TH 
450TL 

QK (all types) 
715C 

802 
805 

807 
810 

811A 
812A 

813 
832A 

833A 
891 

891R 
TW (all types) 

TWT (all types) 
NL (all types) 

4000 series 
5000 series 

6000 series 
7000 series 

8000 series 

Please send us your surplus inventory lists. 
We want to buy other tubes as well as those 
listed above. 

THEODORE E. DAMES CO. 
308 HICKORY ST., ARLINGTON, N. J. 07032 

Phone: 201 998-4246 

• r - ' a 
" a H 

VHF COMMUNICATIONS is 
the quarterly magazine for 
amateurs interested in VHF 
and UHF technology and 
equipment construction. It 
is the international. Eng-
lish edition of the well-
known German publication 
UKW-BERICHTE. 

V H F C O M M U N I C A T I O N S 
provides sixty pages of 
modern, but practical con-
struction articles in each 
issue. Described are trans-
mitters, receivers, conver-
ters, transceivers, anten-
nas. test equipment, etc. 
The designs reflect truly 
Solid state devices and 

printed circuits are used extensively. All me-
chanical construction data are included. How-
ever, for the amateur without fabrication facil-
ities. special components, such as p.c. boards 
and stripline cavities, are made available, readily 
and inexpensively. 

Subscription rates US $3.00 ($4.00 air mail) per 
calendar year. Single issues $1.00. 

current technology. 

Two Meter Converter Kit. All major components 
for the FET converter described in VHF COM-
MUNICATIONS of Feb. 1969. Noise figure: 2. 
I.F. 28-30 MHz. Kit includes: five transistors, 
coil forms, trimmers, silverplated glass epoxy 
p.c. board, KVG crystal (38.667 MHz). 
220 MHz Converter Kit. As above, with 48.000 
MHz KVG crystal. 
6 Meter Converter Kit. As above, with 22.000 
MHz KVG crystal (mult, stage not req'd). 
Kit prices: $14.95 each. Crystals for other I.F.'s 
(specify). $1.00 extra. 

432 MHz Converter Kit. Described in VHF COM-
MUNICATIONS of May 1969. I.F. 144-148 MHz. 
Kit includes silverplated stripline cavity with 
feed thru's and trimmers, p.c. board, two coil 
forms, two trimmers. Price $27.50 KVG crystal 
for above (96.000 MHz): $4.50. 

1296 MHz Converter Kit. Described in VHF 
COMMUNICATIONS of February 1969. Kit in-
cludes silverplated RF cavity p.c. board for 
28-30 MHz I.F. Price: $41.50. KVG crystal for 
above (84.533 MHz): $4.50. 

Two Meter SSB Transmitter Kit Described in 
VHF COMMUNICATIONS of May 1969. Includes 
p.c. board, coil forms, trimmers, 9 transistors, 
3 diodes. Price: $49.50. Crystal filter and USB/ 
LSB crystals for above (KVG XFGA) $24.50. 

SPECIAL: Calendar year magazine sub-
scription for only $1.00 with an order for 
any of the above! 

k VHF 
C O M M U N I C A T I O N S 

TOPSFIELD, MASSACHUSETTS 01983 

78 n o v e m b e r l % 9 



7 5 c e n t s 

ffJPwi-

f o c u s 

on 

c o m m u n i c a t i o n s 

t e c h n o l o g y . . , 

ham 
radio 

magazine 

DECEMBER 1969 

this mon th 

• solid-state 
communications 
receiver 6 

• converted-vee 
antenna 18 

• ssb monitor scope 22 

frequency 
synthesis 

slow-scan 
television 

42 

52 



ham 

radio 
m . i f / j / / < i e 

contents 
6 solid-state 160-meter receiver 

John K. Gotwals, W3TNO 

18 low-band converted-vee antenna 
Robert G. Polansky, W6JKR 

december 1969 

volume 2, number 12 

staff 
editor 

James R. Fisk, W1DTY 

vhf editor 
Nicholas D. Skeer, K1PSR 

fm editor 
J. Jay O'Brien, W6GDO 

associate editors 
A. Norman Into, Jr., W1CCZ 
Alfred Wilson, W6NIF 
James A. Harvey, WA6IAK 

art director 
Jean Frey 

publisher 
T. H. Tenney, Jr., W I N LB 

offices 
Greenville, New Hampshire 03048 
Telephone: 603-878-1441 
ham radio magazine is published 
monthly by Communications Tech-
nology, Inc., Greenvil le, New Hamp-
shire 03048. Subscription rates, world 
wide: one year $6.00, three years, 
$12.00. Second class postage paid at 
Greenville, N.H. 03048 and at addi-
tional mailing offices. 

Foreign subscription agents: United 
Kingdom. Radio Society of Great 
Britain, 35 Doughty Street, London 
WC1, England. 
A l l European countries: Eskill Persson, 
SM5CJD, Frotunagrand 1, 194 00 Upp-
lands Vasby, Sweden. 
Copyright 1969 © by Communications 
Technology, Inc. Tit le registered at 
U. S. Patent Office, Printed by Capital 
City Press, Inc., Montpelier, Vermont 
05602. 

ham radio is available to the bl ind and 
physically handicapped on magnetic 
tape from Science for the Blind, 221 
Rock Hi l l Road, Bala Cynwyd, Penn-
sylvania 19004. Microfi lm copies of 
current and back issues are available 
from University Microfilms, 313 N. First 
Street, Ann Arbor, Michigan 48103. 

Postmaster: Please send form 3579 
to ham radio magazine, Greenville, 
New Hampshire 03048. 

22 trapezoidal ssb monitor scope 
Royden C. Golding, VE3CUS 

26 graphical design of matching networks 
I. L. McNally, W1NCK 
Henry S. Keen, W3CTK 

36 restoring the Collins 51J pto 
Wil l iam I. Orr, W6SAI 

42 frequency synthesis 
L. W. Danz, WA5SKM 

52 slow-scan television 
Ralph E. Taggart, WB8DQT 

65 directional swr indicators 
Walter Schreuer, W1YZW 

69 mnemonics 
Alfred Wilson, W6N1F 

72 photographic illustrations 
Wil l iam G. Blankenship, Jr., WA4GNW 

departments 
4 a second look 

106 advertisers index 

108 annual index 

97 flea market 

82 ham notebook 

december 1969 g j 3 



a second look fisk 

The editor of a technically oriented maga-
zine like ham radio wears several hats. I 
could occupy the whole page describing the 
details that require attention to keep the 
magazine running smoothly. But I'd like to 
talk for a moment about one very important 
editorial task that means the difference be-
tween a technical magazine that instills con-
fidence in the reader, and one that doesn't. 
This task, which I share with my staff, is that 
of researcher and seeker of truth. 

Most of the articles published in ham radio 
are contributed. Authors range from enthu-
siastic hams who want to share an idea, to 
fellows with engineering backgrounds (who 
also want to share an idea). I think this is fine, 
and I welcome the output of everyone who 
is interested in contributing something that 
will benefit all hams. 

Budding authors often ask, "What kind of 
articles are you looking for?" 

That question is difficult to answer since 
many new manuscripts come in every day, 
but generally speaking, I am looking for sim-
ple solid-state construction projects that the 
average fellow can build in one or two week-
ends. Larger construction projects are also 
welcome, but the average ham radio reader 
must split his leisure time between amateur 
radio and other interests, so he doesn't have 
the time to build a Chinese copy of a com-
plex piece of equipment. 

When I read an article contributed to ham 
radio, the first thing I look for is interest 
value. If the contribution passes this test, the 
next thing I look for is technical accuracy 
and attention to detail. 

The contributed article doesn't have to be 
a literary masterpiece. If you have a good 
idea; if it's well documented; if the illustra-

tions and technical discussion are clear and 
accurate—you probably have a winner! 

My staff and I are fairly adept at ferreting 
out technical oversights and inconsistencies, 
but of course, we can't catch them all. De-
spite research and keeping the mailman busy 
between our editorial office and the author, 
errors occasionally do creep into the maga-
zine. As a contributing author, you can help 
reduce the number of "short circuit" items 
that are published from time-to-time. 

For example, when you draw your illustra-
tions, go over each component, each wire, 
and each connection. Take another look at 
numerical values. A misplaced decimal point 
in a component value can mean the differ-
ence between a circuit that works and one 
that can cost the builder a small fortune in 
burned-out parts. 

Not only does this cause considerable mis-
ery to the builder, but as publishers we 
are taken to task for the error. Result: a 
"short circuit" item must be published in 
a later issue. This takes care of the initial 
problem, but by then, considerable damage 
could have been done. 

If you prefer to read ham radio, rather than 
write for it, you can help by telling me the 
kind of article that you like. If you have a 
pet project in mind, or an old project that 
could be updated with transistors or inte-
grated circuits, let me know about it; I'll pass 
the idea along to one of our authors. 

We are continually trying to improve ham 
radio, but we can only do that successfully 
if we hear from you, the reader, so keep 
those cards and letters coming in. 

Jim Fisk, W1DTY 
editor 
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solid-state 

receiver 
for 

160 meters 

Although this receiver 

was designed 

for the 1.8-MHz band, 

it contains 

many interesting 

circuits 

that could be applied 

to higher frequency 

units 
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Recent changes in the FCC rules governing 
amateur activity on 160 meters have 
prompted renewed interest in 160-meter op-
eration. Since many ham-band-only receiv-
ers do not cover 160, I felt there should be a 
lot of interest in a high quality, solid-state 
receiver capable of tuning 160 meters. The 
receiver presented here uses many of the 
latest semiconductor devices, and many of 
the design ideas and circuits would be equal-
ly applicable to higher-frequency receivers. 

A block diagram of the 160-meter receiv-
er is shown in fig. 1. Note that there is no 
rf stage ahead of the mixer. This omission 
is not an attempt to simplify the receiver 
but to improve its over-all performance. Sev-
eral years ago recent receiver developments 
were reviewed,1 and the authors pointed out 
that to minimize spurious responses, no rf 
stage is needed, or desired, at frequencies 
below 15 MHz. 

In the receiver shown in fig. 1 a 455-kHz 
i-f was chosen so I could try the Murata 
CF-455 ceramic filters.- These filters are com-
pact, exhibit good shape factors and are easy 
to use with simple resistance-coupled tran-
sistor circuitry. Collins mechanical filters 
could be used as well. 

variable attenuator 
A schematic of the variable attenuator and 

high-pass filter is shown in fig. 2. The at-
tenuator can be varied from zero to 40 dB 
in 10-dB steps3 and is used if you are listen-
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ing lo local stations or if you want to drop 

out weak signals and hear only the strong 

ones. 

The high-pass filter is used to eliminate 

cross modulation and intermodulation from 

local broadcast stations. Although the mos-

fet mixer has excellent square-law character-

istics, you still need some front-end rejec-

tion of the extremely strong broadcast sig-

nals present on a long 160-meter long-wire 

antenna. 

clown corner frequency is 1800 kHz. At 1604 

kHz, response is down 45 dB. An excellent 

discussion and application of modern net-

work synthesis to the design of low- and 

high-pass filters is given by Wetherhold.'1 

The serious filter designer will also take a 

look at the work by Geffe.5 

I used 5 percent mica capacitors in my 

filter, but performance closer to the theoret-

ical would be obtained if more expensive 2 

percent mica capacitors were used. Both 

fig. 1. Block diagram of 
the solid-state 160-meter 

AGC DETECTOR 
AND 

AMPUF1CR 

The high-pass filter is an elliptic function 

type with response zeros at 918 kHz, 1586 

kHz and 1415 kHz. The zeros are the fre-

quencies where the theoretical attenuation 

becomes infinite. The theoretical passband 

ripple is less than 0.2 dB, and the 0.2 dB 

Receiver front panel. 

types are available from Allied Electronics. 

The Q of the inductors should be at least 

1CX3; I used Ferroxcube 4C4 pot cores. They 

have the advantage of being adjusted ap-

proximately ± 6 percent. In addition, they 

have a negative linear controlled tempera-

ture coefficient that compensates silver-mica 

capacitors. They cost about $2.50 apiece in 

the 14 mm size. Write to Ferroxcube" for 

more information. 

dual-gate mosfet mixer 
A schematic of the mixer front end is 

shown in fig. 3. The data sheet for the 

3N141 shows a mixer biased to 3 mA with 

both gates at about the same potential. In a 

companion application note,8 H. M . Klein-

man mentions two requirements for spuri-

ous response elimination: clean oscillator 

waveform and properly adjusted operating 

conditions and signal levels. This means that 

biasing voltages are important. Also, local-

oscillator injection should not be too high. 
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fig. 2. Variable attenuator and high-pass filler for 
the solid-slate receiver. Input and output impedance 
of the filter is 52 ohms. With Ferroxcube 1408C-A25-
4C4 pot-eore assembly, 140BHD hardware and 
1408F1D bobbin, 13 turns no. 24 enameled was usod 
for the 3.94 >xH Inductor, 16Vi turns for the 6.22 

inductor, and 17 turns for the 7.08 j M inductor. 
Higher Q could be obtained by using 19/46 Litz wire. 

very important. As noted above, the stage 
should operale in class A for minimum 
spurious response. Forlunately, class A op-
eration is also important to frequency sta-
bility. In simple oscillators an important 
source of frequency instability is associated 
with the intermodulalion of harmonic fre-
quencies which are produced by the limit-
ing that takes place if age is not used.11 The 
Clapp oscillator in this design has been 
linearized by adding an age circuit; fre-
quency stability, with variable supply volt-
age, is improved by about 15 times. 

The oscillator circuit is shown in fig. 4. 
Diode D1 linearizes the oscillator as follows: 

As a compromise between conversion gain 
and spurious-response generation, I used a 
2.5 volt p-p signal to the mixer. 

I used electronic tuning for the input cir-
cuit so I would have complete freedom in 
the placement of the mixer module. If you're 
interested in using tuning diodes in the place 
of mechanical tuning, Motorola has two 
helpful application notes.11-10 

local oscillator 
The stability of the receiver is determined 

by the local oscillator, so circuit design is 

High-pats filter uses high-Q pot-core coll forms. 

when power is applied, the gate is at the 
same potential as the source so forward 
transconductance is maximum. As oscilla-
tions build up, D1 clamps the gate below 
ground; this charges up capacitors CI and 
C2 and results in a negative dc voltage at 
the gate, and the forward transconductance 
of the device is lowered until equilibrium 
is reached. 

fig. 3. Dual-gate mosfet mixer. L1 is 115 / iH and consists of 41 Vj turns 
no. 24 on Ferroxcube 2213C-A60-4C4 pot core, tapped 1 tum from cold 
end. 
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Without D1 in the circuit, the 3N152 
would have to provide its own limiting, and 
this could only be done with the mosfet op-
erating in a nonlinear mode. W2YM uses a 
diode in a similar circuit and reports that it 
stabilizes the oscillator.12 Capacitor C3 is se-
lected to provide the desired injection level 
at the mixer. 

For best operation, the Q of L'l should be 
high. I used two Micrometals T94-2 toroid 
cores in series.* The tuning capacitor is from 
a surplus ARC-5 transmitter. This capacitor 
is an excellent choice for any vfo. Since the 
capacitor is quite rigid, I mounted all the 
vfo components on the capacitor frame. 
The gears that are an integral part of the 
ARC-5 capacitor are used for the dial. 

Vfo board is mounted on top of the ARC-5 tuning ca-
pacitor. The series toroidal coils ore mounted on a 
'/<" brass bott which is soldered to the capacitor 
frame. Teflon pads are used to clamp the coils. 

fig. 4. High-frequency oscillator. L1 is two Micromotals T94-2 toroids in series, 41 turns no. 22 on each. 

a-m i-f strip and detector 
The a-m i-f strip shown in fig. 5 uses a 

unique integrated circuit, the LM372 manu-
factured by National Semiconductor.13 This 
IC is an i-f amplifier, a-m detector and an 
audio amplifier with self-contained age. 
This gem wil l take an amplitude-modulated 

•Micromclals toroid tores are available from Amidon 
A s s o c i a t e s , 12033 Ot«.ego Street, North Hollywood, 
California 91607. 

rf signal at frequencies up to 2 MHz and 
give you 0.8 V p-p audio output. The age 
provides an essentially constant output as 
the rf input varies over the range from 50 
microvolts to 50 millivolts. 

In the photo of the a-m i-f strip the 3-
and 6-kHz Muraia ceramic filters are on the 
left. The 6-kHz filter is used with the a-m 
i-f system, and the 3-kHz filter is used for 
ssb. Resistor R1 is adjusted so that maximum 

fig. 5. A-m i-f strip uses 
a communications-type 
integrated circuit, the 
National Semiconductor 
LM372. R1 is adjusted for 
200 mV output. 

220 *!2V 

BOTTOM VIEW 

december 1969 g j j 9 



A-m i-f board. 

MHz. However, since this is a "first-genera-
tion" IC, age detection and a ssb product 
detector must be furnished externally.* One 
of the big advantages of using the LM371 
is that you don't have to worry about inter-
nal feedback. No neutralization is needed, 
even at 100 MHz. However, proper shielding 
must be used between input and output. 

The LM371 data sheet shows the input 
and output impedances of the device over 
its complete operating range. However, for 
my application on the relatively low fre-
quency of 455 kHz, I didn't worry about a 

fig. 6. Single-side-
band i-f system re-
quires an external 
age input from the 
age circuit shown 
in fig. 9. 

audio output is 200 mV (200 mV drives the 
audio-oulput stage to full output). 

ssb i-f strip 
The ssb i-f strip shown in fig. 6 is based 

on the use of an LM371 integrated circuit. 
The LM371 is quite versatile and may be 
used as an amplifier from dc to over 100 

perfect match, and 
i-f transformers. 

I used readily available 

•A newer devicc, the National Semiconductor LM373 
i-f strip, is a broadband communications IC capable 
of perlorming the diverse functions required in a-m, 
Im and ssb receivers and transmitters. Simple external 
connections convert the i-f strip from one mode to 
another. The LM373 has a self-contained audio age 
system with fast attack and slow release. 

fig. 7. Product de-
tector and audio 
amplifier. 
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product detector 
A schematic diagram of the dual-gate mos-

fet product detector is shown in fig. 7. 

A n adjustable-gain audio amplifier is cou-

pled to the output of the product detector 

and is used to provide the same audio out-

put as the a-m i-f system. Resistor R1 is 

adjusted so that the gain of the ssb i-f 

The correct crystal frequencies are deter-

mined by the i-f filter. Although most sin-

gle-sideband operation on 160 meters is 

confined to lower sideband, now and then 

you hear a station on upper sideband, so 

it pays to be able to receive either. 

The diode in the gate circuit of the 

2N4360 oscillator linearizes the oscillator 

la <fo» 
wisa 

i o 

I 

X ^ 9 0 

.«O f3.5mH 

2IMXO 

too 

ICO 
—wv- -O Itzv 

(ICO 
Z2M 
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m 
47k 

OUTPUT 

m r h r h r h r h 

fig. 8. Beat-frequency oscillator uses electronic crystal switching. R1 is selected for 2 V p-p at the gate of the 

product detector. 

strip (with no age) is the same as that of 

the a-m i-f strip. The product detector is 

biased the same as the high-frequency mixer 

—a t 3 mA drain current. This product de-

tector has very low intermodulation distor-

tion and actually performs much better 

than the diode type in my commercial re-

ceiver. Let me hasten to add, though, that 

diode product detectors are capable of ex-

cellent performance if they are properly de-

signed.14 

beat-frequency oscillator 
The crystal controlled bfo shown in fig. 

8 uses electronic crystal switching. The cir-

cuit could be simplified if a mechanical 

switch was used. However, it seemed to me 

that the flexibility of chassis layout out-

weighed the disadvantage of two extra 

2N5138 transistors and a few extra resistors 

and capacitors. 

and results in an extremely clean waveform. 

The 2N5163 source follower isolates the os-

cillator stage from any loading by the prod-

uct detector. Resistor R1 is selected for 

2 V p-p at the gate of the product detector. 

Bfo, product detector and audio amplifier board. 
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fig. 9. This versatile s ib age circuit is based upon a communications integrated circuit, the Plossey SL621G. 

-O 

ACC 
OUTPUT 

-O 

The i-f amplifier, product deteclor, low-
level audio and bfo are all mounted on the 
same board as shown in the photograph. 
However, in retrospect I would recommend 
that the i-f amplifier and its associated com-
ponents be mounted on the same board as 
the i-f ceramic filter. In my layout the bfo 
radiates into the input circuit of the i-f 
amplifier. Although this doesn't appear to 
cause any trouble, moving the i-f amplifier 
to another board would prevent it from 
happening. 

age detector and amplifier 
Good ssb and cvv age circuits are hard to 

find, although it's easy enough to list the 
kind of performance we're looking for: 

1. Fast attack, so the first word spoken 
doesn't blast out of the speaker. 

2. Slow release—you don't want to hear the 
background noise between speech pauses— 
but not so slowly that the age won't follow 
normal signal fading. 

3. Immunity from noise interference. 

The problem in designing a good age 
system arises from the conflicts between the 
three basic performance requirements. The 

literature has a number of "hang" age cir-
cuits—and they sure hang up on noise! 
Circuits can be designed that will pretty 
well meet the three basic requirements, 
but if they're built with discrete components, 
they are quite complex. 

The Plessey SL62lC i r' is an age generator 
which comes pretty close to meeting the 
standards. It has fast attack and slow re-
lease for speech. By using two detectors, 
one with short rise and fall times, and one 
with long rise and fall times, the SL621G 

Ssb age board. 
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is able to prevent short noise pulses from 
"hanging up" the age. If you are listening 
to a clear channel, and a noise spike comes 
along, the age is activated only for the 
duration of the noise burst by virtue of 
the short-time-constant detector; the long-
time-constant detector "remembers" the 
pre-noise age level. 

The same thing happens if a noise burst 
is superimposed on a speech signal. The 
short-time-constant detector initiates rapid 
age action; when the noise pulse is over, 
the age just as rapidly returns to the pre-
noise level set by the long-time-constant de-
tector. 

A schematic of the complete age module 
is shown in fig. 9. Don't be seared by its 
apparent complexity—2N5133 transistors are 
only 17C apiece. The circuit would be a 
lot more simple if I had used the other 
members of Plessey's SL600 series integrated 
circuits, but unfortunately industrial rated 
units (G suffix) have only recently become 
available. 

Transistors Q1 and Q2 are used to reduce 
the 12-volt supply to the 6-volt level re-
quired by the SL621G. Q3, Q4, Q5 and 
resistor R1 make the age output voltage 
compatible with the LM371 i-f amplifier. 
These components ensure thai the age out-
put tracks the internal LM371 age reference 
voltage as the temperature changes. Tran-

fig. 10. Audio output stage provides up to 1 watt in-
to an B-ohm speaker. Note that phone-jack frame is 
isolated from the chassis. 

Audio power stage uses PA237 Integrated circuit. 

sistors Q6 and Q7 are connected as an 
emitter-coupled clipper and prevent the in-
put coupling capacitor to the SL621G from 
charging up on strong audio peaks. Resis-
tors R2 and R3 reduce the 200 mV input 
audio signal to the 10 mV level needed by 
the IC. 

audio output stage 
The audio output stage shown in fig. 10 

is driven to full output with a 200 mV input 
signal (full output is about 1 watt into an 
8-ohrn speaker). The output audio has very 
low distortion because of the generous 
amount of negative feedback that is used in 
the circuit. Resistor R1 sets the amount of 
feedback, the R1-C1 series circuit deter-
mines low-frequency cutoff. High-frequency 
cutoff is determined by R2-C2. 

Resistor R2 also sets the quiescent current 
drawn by the quasi-complimentary output of 
the PA237 IC. Since R2 is connected to the 
positive 12-volt supply (through the speaker) 
it protects the integrated circuit in case 
the speaker is not connected. Because of 
the positive feedback (load bootstrapping) 
that results when R2 is connected this way, 
the output has a larger voltage swing. 

The complete audio output circuit board 
is shown in the photograph. Note that the 
1000 ^F, 15 V capacitor shown in fig. 10 is 
not on the board. I mounted it adjacent to 
the audio output module. This capacitor 
is needed for the current demands of the 
PA237 on audio peaks. 
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Crystal calibrator board. 

marker generator 
Since the 160-meter band is divided into 

25-kHz segments, band markers every 25 
kHz are a definite operating aid. I decided 
to use a 1 MHz crystal because it is more 
stable, smaller and less expensive than a 
100 kHz unit. However, the cost of an extra 
divide-by-10 counter partly cancels some 
of the advantages. I opted for stability and 
used the 1 MHz approach. 

The complete calibrator is shown in fig. 
11. Transistors Q1, Q2 and Q3 reduce the 
12-volt supply to 5 volts; Q4 is the 1 MHz 
oscillator. Since 25 kHz markers are desired, 
the crystal frequency must be divided by 
40. This is done in two steps: the MC853P 
dual flip-flop divides by 4; then a Fairchild 
QtL9958 divides by 10. The square-wave 

output of the 9958 drives a n>L9601 one 
shot—this provides a 50 nanosecond pulse 
each time it is triggered. 

The 50 ns pulse has rise and fall times 
of better than 10 ns, so it is rich in har-
monics. Unlike calibrators with square-wave 
outputs, adjacent harmonics from a pulse 
generator have equal signal strength.10 

Capacitor C2 is chosen to provide markers of 
the desired signal strength at the input to 
the receiver. 

power supply 
The 12-volt power supply for the receiver 

shown in fig. 12 furnishes up to 400 mA at 
12 volts. Since the audio output stage draws 
quite a bit of current during audio peaks, 
a stiff power supply is needed to prevent 
feedback between the audio-output stage 
and the olher circuits through the power 
supply. The heart of this power supply is 
the Fairchild M723C voltage regulator IC. 
This IC has a built-in voltage reference of 
about 7 volts that is extremely stable with 
changes in temperature. The remainder of 
the IC functions as an operational ampli-
fier. 

As shown in fig. 12, the voltage reference, 
pin 4, is connected to the non-inverting 
input (pin 3). The inverting input (pin 2) 
is furnished with a voltage by R1 that is 
proportional to the output voltage. The oper-
ation of a power supply of this type has 
been discussed in QST.17 

One feature of this power supply is the 

fig. 11. Marker generator provides accurate 25-kHz markers from a 1 MHz crystal-controlled oscillator. 

+ IZV 
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use of foldback current limiting. With most 
short-circuit-proof power supplies, the dis-
sipation of the series-regulating transistor 
Q1 is quite high when the output is shorted 
to ground. This is because the voltage across 
the transistor is equal to the supply volt-
age, and lhe current supplied by Q I is the 
full-load value. Thus, the power dissipated 
by Q1 during an output short circuit is 
three to four times higher than the power 

R2 and R3 should be vvirewound types. The 
complete power supply is shown in the 
photo. 

summary 
I hope this article will encourage more 

hams to build, and not buy, their next piece 
of equipment. Once you take the initial 
step, designing and building ham gear can 
be fun. With transistors and multi-function 

TRIAD F9IX 
40 ver 

fig. 12. Regulated power supply uses a voltage-regulator IC in a foldbnck-current-llmlting circuit. Output cur-
rent is limited to 400 mA. 

dissipated under normal full-load operation. 
This means that you have to use a larger 
heat sink to protect the transislor during 
long-duration short circuits. 

However, in the power supply in fig. 12 
the current through Q1, when the output is 
short circuited, is only 85 mA. In norma! 
operation the output voltages remains at 
12 volts until the output current reaches 
400 mA. If the load resistance decreases 
further {load current increases) the voltage 
and current decrease to their short-circuit 
values of 0 volts and 85 mA respectively; 
this is called foldback current limiting. Re-
sistors R4, R5 and R6 set the current knee 
and short-circuit current. The nA723 data 
sheet provides a formula for selecting re-
sistor values for different applications. 

Diodes D1 and D2 are protective diodes 
that are useful in any power supply18. For 
stable power supply operation, resistors R1, 

integrated circuits, it is possible to come 
up with circuits that would have been im-
practical a few years ago. And in the future 
we can look forward to even more exciting 
new devices. 

Power supply uses feedback current limiting. 
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Internal construction of the receiver. Board positions 
from the rear as follows: bfo, product detector and 
audio stags; a-m i-f strip and filters, and ssb age; 
25-kHz calibrator; audio output; high-pass filter; and 
vfo. The mixer board is mounted on the side of the 
tuning capacitor. 

Bob Hirschfeld, W6DNS, who designed 
the LM372, has stated that, "future develop-
ments in ihe communications IC area are 

going to raise a few more eyebrows."10 En-
gineers at Fairchild Semiconductor make 
similar statements: "Second generation lin-
ear circuits will make their biggest impact 
in the field of communications . . . An 
entire family of circuits is under develop-
ment for manpack mobile, and ground-based 
communication system."-0 

I wish to thank Don Coppage for taking 
the photographs of the complete receiver. 
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NCX-1000 
1 Kw Solid-State 

Transceiver 
(80 thru 10 Meters) 

Here's a transceiver designed for the amateur who would rather spend his hard-earned radio 
dollar on performance than frills. The NCX-1000 is built to meet the demands of the 
operator who needs and desires a high performance SSB-AM-CW-FSK rig with solid-state 
dependability anil plenty of power. Add to this the convenience of having your transmitter 
(including linear amplifier), receiver, power supply, and monitor speaker in a single, 
compact, smartly styled 59 pound package. 

So let's look at the NCX-1000, starting with the double-conversion, solid state receiver. 
After the received signal is processed by a double-tuned preselector, a stage of R F amplifi-
cation, and another preselector, it is applied to the first mixer for conversion to the first I F 
frequency. The first I F contains passbarul filters and ;i stage of amplification. A second 
mixer then converts the signal to the second I F frequency tor additional processing by a 
0-pole crystal-lattice filter and four IF stages. Finally, Ihe signal is detected and amplified 
by four audio stages. The unparalleled high dynamic range lets you tune in weak stations 
surrounded by strong interfering signals. The result? High performance for SSB, AM, CW, 
and FSK. Sensitivity of 0.5 E M F microvolt (for a 10 db S + N / N ratio). 

In the transmitter you'll find three stages of speech amplification followed by a balanced 
modulator, a crystal-lattice filter, a filter amplifier, and an I F speech processor (clipper). 
A mixer converts the signal to a first I F frequency for processing by two crystal passbaml 
filters, and two IF amplifiers. A second mixer converts the signal to the transmitting fre-
quency where it is amplified in five RF stages before it gets to the grid of the 6BM6 driver. 
Final power amplification takes place in a forced-air-cooled 8122 ceramic tetrode which 
feeds the antenna through a pi network. Other features? You bet! Grid block keying for 
CW. Complete metering. Amplified automatic level control (AALC) . 

So here's a package that can give you 1000 watts PEP input on 80 through 10 meters, 1000 
watts on CW, and 500 watts for AM and FSK. The speech processor lets you double your 
SSB average power output witJi minimum distortion. No frills with the NCX-1000. Just 
top performance. 

Write for complete details. 

NATIONAL RADIO COMPANY, INC. 
( N f ^ C i i n Washington Street, Melrose, Mass. 02176 

617-662-7700 
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With the new 5-band DXCC award, in-
terest in 40 and 80 meter operation has 
vastly increased. A number of W/K sta-
tions have completed, and many others are 
well on their way, to making the required 
contacts with one hundred countries on 
each of these bands. One could hardly 
avoid becoming intrigued with this chal-
lenge. Since my receiver and transmitter 
were already capable of covering these 
bands, my efforts turned toward a suitable 
antenna system. 

dual-band inverted vee 
With a central mast on my property 

and little chance of erecting other high 
poles the best compromise antenna ap-
peared to be a combination 80- and 40-
meter inverted vee patterned after the 
dipole described by Neil Handel, W1IR.1 

The 80 and 40 meter elements were sepa-
rated with V< x 6 inch wooden-dowel 
spacers simmered in a high-melting-point 
wax, as W1IR had done, for weather pro-
tection. 

Since I operated for long periods of 
time on either cw or ssb I tuned the long 
legs of the inverted vee to 3.8 MHz for 
ssb operation and made provisions for 
connecting across egg insulators with 
shorting devices to lengthen each leg for 
3.5 MH* cw operation. That way a relay 
and its associated wiring was avoided. 

Clip wires could be used for shorting 
devices; however, they suffer several dis-
advantages. First, they can be inadvertent-
ly pulled off by branches or other physi-
cal obstructions. Second, it is possible that 
the clips may make poor electrical con-
tact because they're connected onto a cor-
roded spot on one of the wires. My solu-
tion was to use a shorted 83-1SP plug in-
serted into a receptacle soldered across an 
egg insulator. 

The first combination antenna I used 
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is shown in fig. 1. The apfex of this in-
verted vee was 55 feet above ground and 
the included angle between the antenna 
legs was approximately 120°. Length 
was chosen for the best compromise swr 
over the 7 MHz band, favoring the cw 
end; l 2 was chosen for the best compro-
mise swr in the 3.8 MHz area, also favor-
ing the lower ssb frequency with the short-
ing plugs removed; Z 3 was chosen for the 
best compromise swr in the 3.5 MHz area 
again favoring the lower cw frequency 
with the shorting plugs in place. Note that 
these lengths will vary somewhat as a func-
tion of antenna apex heights, end heights and 
included angle. 

MHz. The frequencies between 3.6 and 
3.8 MHz were of no concern for transmit-
ting purposes. With this in mind, my 
thoughts immediately turned toward a 
parallel LC trapped antenna scheme. 
Would it be possible to develop, with rea-
sonably sized components, a trap with 
high enough Q to be effective at 3.8 MHz 
and not at 3.5 MHz? If it were, the wire 
inside the trap (toward the center of the 
antenna) would load well in the 3.8 MHz 
region, while the inductive reactance 
added by the trap itself plus a short 
length of wire outside the trap might load 
in the 3.5 MHz region. The idea sounded 
crazy enough to work. 

EGG 
INSULATOR 

t) • 54.S FEET 
l t • 60.5 FEET 
i s • 6.0 FEET 

SHOUTED 
B3-ISP PLUS 

fig. 1. Initial 80-, 75- and 40-meter antenna system. 

No interaction was noted between the 
40- and 80-meter elements of this antenna 
system while experimenting with the 
lengths of each. The indicated swr for 40-
meter operation was always less than 2:1 
while on 80 meters it was possible to cover 
300 kHz with an swr less than 2:1. 

I soon found myself making numerous 
trips to the roof to remove and install the 
shorting plugs as exotic DX stations kept 
appearing in the 80 meter sub-band for 
which I was not set up. Certainly, I 
thought to myself, another solution, one 
not needing relays, clip wires, or other 
physical changes to the antenna system 
was possible, 

converted vee 
For planning purposes, operation was 

desired at an swr of less than 2:1 between 
3.5 and 3.6 MHz, and between 3.8 and 4.0 

trap construction 
Recent issues of the ARRL Radio Ama-

teur's Handbook discuss the construction 
of such traps. Basically, it involves the fol-
lowing: 

1. Two loops of the antenna wire you in-
tend to use are passed through an egg in-
sulator in the normal manner. Both ends 
are then wrapped, cut off close to wrap, 
and soldered, leaving the insulator with 
two loops of wire. 

2. The tuning capacitor is soldered across 
the two independent loops. 

3. A larger than necessary inductor is 
soldered across the insulator-capacitor com-
bination. 

4. The entire assembly is grid dipped, and 
the inductance trimmed until the dip oc-
curs at the proper frequency. 
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5. The LC circuit is then disassembled, 
the actual antenna wire wrapped around 
the egg insulator as before, and the trap 
rebuilt and soldered. 

The traps I built used 50 pF Centralab 
ceramic transmitting capacitors, part 
number 850S-50Z,* which are rated at 
7500 Vdc. A greater safety margin could 
be obtained by using 15,000 Vdc capaci-
tors, but the cost would have increased by 
a factor of more than three. 

For the inductor, 2V2-inch O D lucite 
tubing 5 inches long was used as a 
coil form. The form was slotted on a 
lathe at 10 turns per inch. To resonate the 

from WRL. Either of two coils would suf-
fice: the Air Dux 2010T (2V2-inch diam-
eter, 10 turns per inch number 16) or 
the Air Dux 2410T (3-inch diameter, 10 
turns per inch number 14). These coils, 
when split in half, should provide more 
than enough inductance to build two 
traps. 

A note of caution is in order here. 
When trimming the coils, monitor the 
grid-dip oscillator output on a well cali-
brated receiver—don't trust the oscillator's 
calibration. The grid-dip oscillator dial I 
used was more than 100 kHz out of cali-
bration. 

traps at 3.805 MHz, the design frequency, 
the required inductance was 33.7 micro-
henries. This was fabricated by winding 
33 turns of number 14 wire on the pre-
setted lucite form. The LC combination 
was then fine-tuned to the proper fre-
quency by trimming the inductance and 
observing the results on a well calibrated 
grid dip meter. The final coil ended up 
being 30 turns. 

Another reasonable approach is to buy 
a 10 inch Air Dux coil, which is available 

* The 50-pF Centralab 850S-50Z ceramic transmitting 
capacitors are available from Allied Electronics, 100 
N. Western Avenue, Chicago, Illinois 60680. Order 
part number 43D1101, $2.70 each plus shipping. 

weatherproofing 
Since hollow lucite forms were used for 

my traps, end caps were fashioned on a 
lathe and cemented into the hollow ends 
of the forms to keep excessive moisture 
out of the soldered components of the 
traps. Drain holes were drilled in the low 
end of the traps to let trapped moisture 
drain out. 

The traps have not yet been subjected 
to the rainy season, so I don't know how 
the wire wrapped around the outside of 
the forms will hold up. If Air Dux coils 
are used, a soft, flexible plastic container 
of some type should be used around the 
traps. 
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performance 
With the traps installed in both legs of 

the antenna in place of the shorting 
plugs various lengths of were tried. Suc-
cess! Two nulls in swr were noted; one in 
the 3.8 MHz region and one around 3.5 
MHz. Changing l s had little effect on the 
3.8 MHz swr characteristics; however, it 
did move the swr null across the 3.5 to 3.6 
MHz region, as shown in fig. 2. An l s of 
18 inches produced an swr of less than 2:1 
for a range of frequencies from 3.5 to 3.64 
MHz. 

The experimenter may wish to modify 
the characteristics of either the 7, 3.8, or 

tuned on the bench to 3.805 MHz. When 
checked, installed in the antenna, their 
resonant frequency had lowered to 3.760 
MHz. This was expected, due to the added 
inductance of the antenna; however, the 
swr null at 3.860 MHz came as a pleasant, 
but unexpected surprise. 

The finished converted-vee antenna is 
shown in fig. 3. Note that the apparent 
capacitor value in each trap is 52 pF (50 
pF from the capacitor itself and 2 pF from 
the antenna wire wrapped around the 
egg insulator). The antenna is fed with 
RG-8A/U coax. 

No balun is used nor was one tried. 

fig. 3. Converted-vee antenna system provides low swr operation on 80, 75 and 40 meters. 

3.5 MHz portions of the antenna system. 
Since no interaction between the 80 and 
40 meter elements was observed, each can 
be trimmed independently. Shortening 
to 33 feet moved the swr null to 7.3 MHz. 
Intermediate lengths will produce swr 
nulls at other frequencies in the 7 MHz 
band. 

For the chosen 3.8 MHz parameters, the 
3.5 to 3.7 MHz characteristics can be 
modified by selecting different lengths of 
Z3, as indicated in fig. 2. If a change in the 
3.8 MHz characteristic is desired, both Z 2 

and the trap frequency will have to be 
changed simultaneously. These changes 
will undoubtedly modify the length l s re-
quired to achieve the same 3.5 MHz char-
acteristic as before. No actual data were 
obtained on this. 

One interesting observation should be 
noted here. The traps in my antenna were 

The antenna readily accepts the full out-
put of my SB-200 linear amplifier for all 
swr readings of less than 2.6 to 1, and has 
performed very competitively on the air. 

summary 
This is the first time to my knowledge 

that parallel traps have been used to per-
mit operation on two "in-band" fre-
quencies. It is presumed that these results 
are applicable to horizontal antennas on 
3.5 to 4.0 MHz although no data are on 
hand to illustrate this. 

I wish to thank K6KA and W6EJJ for 
their encouragement, suggestions and as-
sistance which contributed to the success 
of this venture. 

reference 
1. Neil Handel, W1IR, " A Novel Antenna for 80 and 
40 Meiers," QST, February, 1969, p. 40. 
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trapezoidal 

monitor scope 
for 

single sideband 

One of the advantages of single sideband 
is a reduction in interference because 
channel width is reduced by one-half. 
However, there seems to be more interfer-
ence these days than when a-m was popu-
lar. Much of this can be attributed to in-
creased activity. But I believe a large per-
centage of unnecessary interference from 
ssb equipment is the result of distortion 
the operator isn't aware of. 

If a monitor scope is used in the con-
ventional manner to display an ssb signal, 
the "Christmas tree" pattern will readily 
show distortion caused by severe flat-top-
ping. However, a small amount of flat-
topping, which may occur in the ssb ex-
citer between the first mixer input and 
succeeding circuits, is virtually impossible 
to detect on the familiar "Christmas tree" 
scope pattern. 

A good way to resolve this problem is 
to continuously monitor a trapezoidal pat-
tern of the transmitter's performance. 
This article presents a simple circuit that 
can be used with a commercially manu-
factured monitor scope or with a home-
built monitor using a small-diameter 
cathode-ray tube. When properly connect-
ed between your ssb transmitter and 
monitor, the circuit will allow a trapezoid 
pattern to be displayed. Such a pattern 
will respond to the slightest amount of 
flat-topping caused by nonlinearity in the 
transmitter. 

c 
fl 
U 

a 
e 
O 

(4 
1 
O 

"U 
3 
u 

0 
"E 
o 

u 

V© 
t/i" 

U m 

bo 
c 

Z5 
"o 
o 

c « 
"O 

ee 

An oscilloscope will show the wave en-
velope of an a-m or ssb transmitter if (a) 
a sample of the modulated signal is ap-
plied to the scope's vertical deflection 
plates, and (b) the scope's horizontal de-
flection plates are driven by a signal from 
a time-base generator. The time-base sig-
nal, or sweep, is usually generated inside 
the scope. If the scope doesn't have such 
a circuit, the 60-Hz line frequency can be 
used. The resulting scope pattern is use-
ful for checking modulation percentage. 
It will respond to extreme nonlinearities, 
but it doesn't tell you much about what's 
happening in low-level stages. A trapezoi-
dal pattern is necessary for this. 

The trapezoidal pattern is actually a 
graphical representation of the transmit-
ter's modulation characteristic. Any non-
linearity, however slight, becomes immedi-
ately apparent as the pattern shape de-
parts from a true trapezoid. Typical pat-
terns for a-m and ssb signals with over 

fig. 1. Trapezoidal (cope patterns. An a-m signal 
with over modulation is shown at A; ssb signal with 
flat-topping, B. C represents a saturated transistor 
or faulty diode in the monitor circuits. 
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modulation and flat-topping are shown 
in figs. 1A and 1B. (The pattern in fig. 
1C is caused by problems in the instru-
mentations circuit, which are discussed 
later.} 

A trapezoid may be displayed on a 
scope by applying a sample of the trans-
mitter's modulated output to the scope's 
vertical plates and applying a sample of 
the audio modulating signal to the hori-
zontal plates. The signal applied to the 
scope's horizontal plates must have no rf 

TO CRT TO CRT 
HORIZCNTAL VERTICAL. 
PLATES PLATES 

fig. 2. Block diagram showing low- and high-level 
inputs to oscilloscope. Low-level input, point A, is 
taken from grid tap on first mixer. High-level input 
may be taken from exciter output, point B, or from 
output of linear amplifier, point C . 

component. Therefore, the modulating 
signal from your ssb exciter must be recti-
fied before it's applied to the scope. This 
is the basis of the monitor circuit to be 
described. This circuit consists of a 
simple rf amplifier followed by a diode 
detector that drives an audio amplifier to 
provide sufficient voltage for the moni-
tor scope's horizontal plates. 

pick-off points 
The place where the monitor circuit is 

inserted into the ssb transmitter is impor-
tant. The block diagram of fig. 2 will help 
clarify this. The input signal to the moni-
tor circuit is taken from the exciter's first 
mixer. In most ssb exciters, this is the first 
stage that could produce nonlinear oper-

ation, and we wish to monitor all linear 
stages from this point on. 

The second pick-off point, where the 
transmitter's modulated output is applied 
to the scope's vertical plates, can be at the 
exciter's output or at the output of a 
linear final amplifier. If a switching cir-
cuit is used, as shown in fig. 2, you can 
monitor the entire system. However, the 
important thing to remember is that the 
pick-off point for the accessory circuit 
should be at the input to the first mixer. 

distortion in the audio circuits 
If there is distortion in your ssb signal 

caused by the speech amplifier or bal-
anced modulator, a more sophisticated 
circuit than that described here will be 
required to isolate the problem. How-
ever, if such distortion should occur, the 
result at the receiving end of your trans-
mission is garbled speech, not spurious 
radiation caused by flat-topping. Splatter, 
caused by nonlinearities in low-level rf 
circuits, is what we're trying to monitor 
with a trapezoidal pattern on the scope. 

preliminary checks 
The first thing to do is to check your 

exciter and decide just how you're going 
to adapt the circuit. The input to the verti-
cal plates of the scope is no real prob-
lem. It can be coupled from the exciter 
(or linear amplifier) output through a 
capacitor, using a convenient length of 
coaxial cable. Use a small link at the 
transmitter. The link can be adjusted to 
give an appropriate amount of signal. 

The input to the scope's horizontal 
plates is applied through the circuit of 
fig. 3. Bear in mind that the output signal 
from this circuit has the same wave shape 
(less the rf component) as the signal ap-
plied to the scope's vertical plates. 

Before starting construction, check your 
exciter to determine if you have enough 
spare drive for the monitor circuit. The 
signal should be picked off as soon as pos-
sible after the unwanted sideband has 
been eliminated. In some exciters this is 
the "first mixer" or "first i-f amplifier," 
or possibly the "balanced mixer." Only by 
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monitoring the signal from the grid of this 
tube to the output can we be sure of in-
cluding all linear circuits. 

Now decide where to mount the indi-
cating scope tube (peeking out through 
a hole in the exciter front panel is an 
ideal arrangement). Measure the dis-
tance (this can often be reduced to four 

construction 
The rf transformer should be tackled 

first (fig. 3). The design will depend up-
on the carrier frequency of your rig. The 
transformer needs a bandwidth of per-
haps 3000 Hz above and below the carrier 
frequency. If your carrier is 455 kHz, a 
suitable i-f transformer can be found in 

fig. 3. Simple three-
stage monitor circuit 
for driving horizontal 
plates of scope to ob-
tain trapezoidal pat-
tern. Power is taken 
from exciter supply. 

• 680 V O-

*SEE TEXT 

or five inches) from the grid of the first 
mixer to the nearest point in the set 
where you can mount the circuit board. 
Cut a piece of coax to this length, then 
ground the grid of the first mixer through 
the coax, a .01 /uF ceramic capacitor, and 
a 1-megohm resistor (fig. 4). 

Now try the set under operating con-
ditions. If the mixer grid is tuned, you 
will have upset the tuning. Retune the 
circuit until full output is again ob-
tained. This proves that the set will take 
the slight drain needed for the monitor 
circuit and still operate. If the mixer grid 
is not tuned, probably no effect will be 
noticed. But if output is reduced, some 
means of increasing drive at the mixer 
grid must be found to compensate for the 
loss. If it is a balanced mixer circuit, try 
placing equal capacitance and resistance 
on the second grid to keep the two halves 
balanced. 

the surplus shops. A 9-MHz carrier is also 
fairly common. A successful 8-MHz mc 
coil was made by adding a few turns to 
the primary of a 9-MHz i-f transformer 
until it resonated at 8-MHz with a 20-pF 
ceramic capacitor and a 2200-ohm resistor 
across it. The secondary coil should have 
more inductance than the primary coil 
to give a voltage step-up. A gain of 1'/z to 
2 is adequate. 

We now have some inductance in the 
circuit. This is desirable, since capacitance 
introduces phase shift and consequent 
distortion in the scope pattern. At al! 
points we must watch linearity in the de-
sign. Our whole purpose is to demon-
strate linearity on the screen; thus any dis-
tortion introduced in the monitor circuit 
would give a false indication. 

An input rf stage is needed as well as 
an audio amplifier to follow the demod-
ulating diode. 

fig. 4. Test circuit to determine drive MEASURED LENGTH OF COAX 

capability of exciter. It's used once ) § ^ u IM 
and discarded. ^ § L W I T " 

FIRST MIXER OR 
FIRST I F STA8E 1-TRAMIC 
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We need a high impedance input for 
the MPF105 jfet which is provided by R1. 
For the output we need a high resistance; 
this is provided by the tuned primary 
transformer circuit. The diode is quite 
critical, particularly as to temperature. 
Out of a large number tried, the one se-
lected was a 1N56A. 

fig. 5. Arrangement of components for the monitor. 

The coupling capacitor feeding the sig-
nal to the power transistor must be large 
to keep down reactance and phase shift. 

The output transistor operates at a 
rather high voltage.* Audio output un-
der the conditions described should be 
too high rather than too low. Rf voltages 
at certain parts of the circuit are given in 
fig. 3. These were measured with a Heath-
kit vtvm. A series of "aah's," spoken 
close to the microphone, will produce the 
values shown. 

* The author used an RCA 40264 transistor for the 
audio amplifier (also shown in the circuit-board 
photo). This device is no longer produced by RCA. 
However, the RCA type 40491 is an acceptable substi-
tute. Its electrical characteristics are almost identical 
to those of the 40264. Also, the 40491 has a heat 
radiator, whereas the 40264 does not. The 40264 wi l l 
fit nicely on the circuit board. It costs about 85c and 
is available from Al l ied Radio. Editor. 

If too much voltage is obtained, de-
crease R4's value until a suitable pattern 
size is obtained. An unusual scope pattern 
obtained at one time is shown in fig. 1C; 
this was the result of a faulty diode. 

A suggested component layout for the 
monitor circuit is shown in fig. 5. The 
Vector board may be mounted inside 
your exciter, as discussed previously. All 
signal leads should be coax cable (such as 
RG-58/U), and the shield should be grounded 
at each end. 

My original scope circuit is shown in 
fig. 6. I've used this circuit, so I'm certain 
it will work. The scope circuit shown in 
the 1969 edition of the ARRL Handbook, 
however, should be equally satisfactory. 
Note that the voltages in fig. 6 are lower 
than those shown in the Handbook cir-
cuit. These voltages were available in my 
transmitter power supply, so I used them. 

In fig. 6, the 2AP1A grid is biased to 
blank the spot when the transmitter is on 
standby. You should be able to pick up 
—100 volts in your ssb exciter for this 
purpose. 

fig. 6. Monitor scope circuit using 
transmitter high-voltage supply. Any 
good scope circuit could be used. 

FIG. 3 

O 
-IOOV 

BLANKING 
ON STANDBY 

If you wish to use a commercially 
manufactured monitor, the amplifiers will 
have to be disconnected and the signals 
fed directly to the scope plates. 

I think you'll find the circuits described 
here will provide a good indicator to show 
when your rig is flat-topping. I encour-
age you to use it all the time. 

ham radio 
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graphical solution 
of impedance-

matching 
problems 

Using 

simple geometry, 

these methods 

allow you 

to design 

a variety 

of networks 
8 C 
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One of the most common problems in radio 
circuits is matching one impedance to 
another. The problem might be that of 
matching a transmitter output stage to a re-
sistive load, or the load may have a reactive 
component, as is usually the case when at-
tempting to transfer power to an antenna. 

Many articles have been written covering 
the mathematics of this problem and also 
the application of the Smith chart.1 2 '3 Im-
pedance-matching problems can be solved 
readily with sufficient accuracy for practical 
purposes with no more equipment than a 
straight edge, compass and graph paper. The 
graphical method lends itself to multiple-
component networks involving complex im-
pedances, without resorting to trigonometry 
or complex algebra. It allows a visual choice 
of constants and shows forbidden ap-
proaches in choosing impedance paths. 

The method presented in this article will 
allow you to solve most impedance prob-
lems encountered in amateur work. The geo-
metric principles are easy to follow, and 
you'll need to make only a few simple com-
putations. Rules are given for constructing 
the diagrams. Typical examples and solutions 
are shown. The examples are presented with-
out mathematical proof, however. For those 
who wish to pursue the classical approach, 
some excellent material will be found in ref-
erences 4, 5 and 6. 
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a starting point 
First consider the familiar methods known 

as the "leaning ladder" diagram for deter-
mining the resultant of two resistors or re-
actances in parallel (fig. 1). Two perpendicu-
lar lines with lengths proportional to the two 
resistors or reactances are erected with arbi-

1. The " leaning ladder" diagram for find-
ing the resultant of two res i l ience! or re-
actances in parallel. 

trary separation from a common baseline. 
Lines are then drawn from the top of each 
perpendicular to the base of the other. A 
third perpendicular is now drawn from the 
intersection of these lines to the baseline. 
The length of this new perpendicular is pro-
portional to the combined resistance or re-
actance of the two parallel elements. 

What happens, however, when two re-
actances of opposite sign are to be evalu-
ated? The same procedure is followed as 
before, except that the perpendicular lines 
representing the reactances will be located 
on opposite sides of the baseline (fig. 2). 
Again we connect the end of each perpen-
dicular to the base of the other, extending 
the lines until they intersect. The length of a 
perpendicular from this point of intersection 
to the baseline represents the combined re-
actance of the two paralleled elements. The 
side of the baseline where the intersection 
takes place determines whether the resultant, 
X R , is inductive or capacitive. 

Now suppose a reactance is to be paral-
leled with a resistance. How do you deter-
mine the impedance of such a combination? 
Semicircles are constructed upon rectangu-
lar coordinates, with diameters proportional 

to the paralleled resistance and reactance, 
intersecting at point A (fig. 3). A line, O-A, 
from the origin to the point of intersection 
will be proportional to the impedance of 
the combination. The projections of this 
point of intersection upon the resistive and 
reactive axes will then be proportional to 
the resistance, R s , and reactance, X a , respec-
tively, which make up the series equivalent 
of the parallel combination. 

Because an angle inscribed in a semi-
circle is always a right angle, it is easily 
shown that the point of intersection, A, lies 
on a straight line connecting the ends of 
the two diameters. This construction leads 
to a well-known diagram frequently used to 

of two reactances of opposite sign. 

solve L networks, (fig. 4), An L network is 
merely a transformation from a parallel res-
onant circuit, seen looking in at Z1, to a 
series resonant circuit, seen looking in at Z2. 

3. Geometry for solving paralleMo-series 
transforation. 
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rules for construction 
By combining these diagrams, it's possible 

to solve a variety of matching-network prob-
lems. The geometry of fig. 5 is the basis of 
solving all problems using this method. Gen-
eral rules for using the method are: 

1. Adding a series of reactances moves the 
impedance on a vertical line: up for induc-
tive and down for capacitive reactance, 

2. Adding a parallel reactance moves the 
impedance along a circle with its center on 

not permissible to use a path passing through 
the origin of coordinates. 
The method permits rapid comparison of 
different network designs without a knowl-
edge of complex algebra, and a clear picture 
is given of what happens when parameters 
are modified. 

We'll begin with the pi network since this 
is one of the most-used circuits in amateur 
work. Other circuits will then be described, 
which will provide a foundation for solving 

*c 

5. Basic geometry for graphical solution of impedance problems. Series resistance is plotted along the hori-
zontal axis and series reactance on the vertical axis, as at (A). Parallel resistance and parallel reactance cir-
cles are constructed as in (B) and (C) respectively. 

the horizontal axis. It rotates clockwise for 
capacitive and counter clockwise for induc-
tive reactance. 

3. When choosing impedance paths, it is 

4. The L network diagram. Another example of 
parallel-to-series transformation. 

most impedance-matching problems. Some 
numerical examples are then given to show 
step-by-step procedures. 

the pi network 
The pi network can be considered as two 

cascaded L networks, designed to transform 
both input and output impedances to a com-
mon internal transfer impedance, which 
must be lower than either terminal impe-
dance. This internal transfer impedance de-
termines the network Q, a fact that becomes 
apparent from a consideration of the design 
diagram (fig. 6). 

To design a pi network, begin at the 
origin of a set of rectangular coordinates, 
and construct a semicircle above the hori-
zontal axis, with diameter proportional to 
Z1. (Zl is the greater of the two terminal 
impedances.) Similarly, from the origin con-
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struct a second semicircle below the axis. 
Its diameter is proportional to Z2, the lesser 
of the two terminal impedances. 

Because an infinite number of solutions 
exist to a pi-network problem when terminal 
impedances are specified, an assumption 
must be made for one of the three reac-
tances. This is necessary to establish the in-
ternal transfer impedance. There are certain 
advantages if the reactance of the output 
capacitor, C2, is made equal to the load re-
sistance, Z2. However, network Q require-

6. The pi network diagram. Circuit Q is determined 
by the internal transfer impedance. 

ments frequently dictate a lower value as 
discussed later. 

The assumed reactance, X c 2 , of the output 
capacitor becomes the diameter of a third 
semicircle, beginning at the origin and con-
structed downward below the horizontal 
axis. The point of intersection between this 
and the Z2 semicircle is point A. From this 
point a vertical line is drawn to intersect the 
original Z1 semicircle at point B. The length 
of the line segment, AB, represents the re-
quired reactance of X L . 

A straight line is now drawn from the ex-
treme end of the Z1 diameter through point 
B, intersecting the vertical axis at point C. 

Line O C will then be proportional to X 0 1 , 
the reactance of the required input capacitor. 

The intersection of inductive reactance 
line AB with the horizontal axis is point D. 
The significance of this point is that line 
segment O D represents the internal transfer 
impedance of the network. The Q of the 
network, when driven by a current generator 
such as a screen-grid tube or a transistor, 
will be equal to the inductive reactance, AB, 
divided by the internal transfer impedance, 
OD. The Q will also be equal to Z1/XC1 

plus Z2/XCo, which can be proven identical. 
When driven by a resistive source, such 

as a triode, the network is loaded from both 
ends, and the effective Q may be cut in half. 

the tee network 
Although the T network is not as well 

known as the pi network, it is a very useful 
circuit and is quickly solved graphically. 
With the T network, we may assume the in-
ternal transfer impedance as equal to or 
greater than the sum of the terminal im-
pedances Z1 and Z2, usually by a factor or 
two or more. The graphical design proce-
dure, with reference to fig. 7 is as follows: 

Construct a semicircle with horizontal di-
ameter greater than the sum of the terminal 
impedances. Mark off, from opposite ends of 
the diameter, line segments proportional to 
the two terminal impedances. From these 
two points erect perpendiculars to intersect 
the semicircle at points A and B respectively. 
Connect points A and B to the remote ends 
of the diameter, intersecting each other at 
C. A perpendicular, CD, to the diameter will 
be proportional to the reactance of the ca-
pacitor, C. The Q of this network, as driven 
by a current generator, will be equal to the 
diameter of the semi-circle divided by the 
line segment CD. The sum of XL1/Z1 plus 
XL2/Z2 will give an identical result. 

Although the derivation of this diagram 
may seem obscure, if perpendiculars are 
erected at the ends of the diameter, and the 
slant lines extended to intersect these per-
pendiculars, we will have the two super-
imposed L-network diagrams. The line seg-
ments of these end perpendiculars will each 
represent a capacitive reactance correspond-
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ing to one of the two cascaded L networks 
making up the complete T network. The ex-
tended slant lines can then be seen to repre-
sent the leaning-ladder diagram, with line 
CD being the result of both capacitive com-
ponents in parallel. Therefore all construc-
tion exterior to the semicircle will be re-
dundant and can be omitted. 

If the semicircle is constructed so that its 
diameter is equal to the sum of the two 
terminal impedances, all reactances will be 
of the same magnitude, differing only in 

though Z1 has been treated at the input end, 
either network is completely reciprocal. 

examples using pi networks 

problem 1. Match 3000+j0 ohms to 600+j0 
ohms with a pi network. In this case, Q = 10. 

1. Draw a 600-ohm circle (1), fig. 8. 

2. Calculate point (x, y) and plot: 

7. Solving the T network. Th« 
internal transfer impedance is 
equal to or greater than Zt + 
Z2 by a factor of two. 

sign, and will be equal to the geometric 
mean of the terminal impedances. The Q of 
such a network would be quite low, being 
equal to the sum of the two terminal im-
pedances, divided by the square root of their 
product. 

When the pi network is designed so that 
Z2 = X c 2 , excursions of Z2 will have mini-
mum effect on Z1. Resonance will be main-
tained by retuning X L . A network is possible 
whereby a two-to-one range of Z2 (assumed 
purely resistive) will, in turn, cause Z1 to vary 
from the target impedance by less than five 
percent. 

Similarly, design of the T network so that 
Z1 = X L 1 will permit Z1 variations of the 
same magnitude, with the network output 
still presenting a match to the load (within 
the same limits). Resonance is maintained 
by retuning C I . 

In either network the terminal impedance, 
Z1, is assumed the higher of the two. Al-

8. Solution to problem 1: matching 
3000+jO ohms to 600+jO ohms with a pi 
network. Arrows indicate impedance path. 

300 

-oo 

- 2 0 0 

Xa -302 -3(» 

Xu-4. 

In.y) 
L_ 

2 30005 

/ 

300 4CO 
Z2 (ohms) 

U-425 T 
CI _ L 

.-Jv 
C2 130 : ze 

'SO0 

30 g j j decern be r 1969 



•C2 • SO 

\ 
\ 9 \ \ 

pi. 

i 
/ / > 

/ / *u • Si s \ 
I \ 

10 20 
Z2 (ohms) 

40 SO 

ISO 

no 

S •c 

4s 

s o 

J 

I 0 •10 / 
»/ 

J-

r i 

»/ 
J-

r i 

ifV 

6k O Ik 2k 3k 4k 5k 
TUBE LOAD RESISTANCE, ZI (ohm) 

* full30,300) 

9. Solution to problem 2: matching 3000+j0 ohms to 50+j0 ohms with a pi network—a common problam in 
transferring tube output impedance to an antenna transmission line. Expanded scales for R2=50 ohms are shown 
at (A). At (B) the curves are limited to R2—50 or 75 ohms and Q=10. 

R1_ 
Q 2 

3000 
100 

30. 

3. Erect a vertical line from point P1 (x, y) 
to intersect the 600-ohm circle at point P2. 
This is XL to scale (425 ohms). 

4. Draw circle (2). Its intercept on the verti-
cal axis at 302 ohms is XC1. 

5. Draw circle (3). Its intercept on the verti-
cal axis at 130 ohms is Xc2. 

6. Solution: L1 = 425 ohms 
C1 = 302 ohms 
C2 = 130 ohms 

problem 2. This is the same as problem 1, 

except Z2 = 50 ohms (fig. 9). 

1. Draw a 50-ohm circle (1), fig. 9A. 

2. Erect X L 1 through X = 30 to intersect the 
50-ohm circle at point P2. This scales to 
y + 25, or X L 1 = 325 ohms. 

3. Draw circle (2) through point P2. It 
wi l l intersect the vertical axis at X c 2 = 
60 ohms. 

4. Solution: L1 — 325 ohms 
C1 = 302 ohms 
C2 = 60 ohms 

Some pi-network curves for common tube 
load resistance are shown in fig. 9B. 

10. Solution to problem 3: matching an an-
tenna load of 80—j45 ohms to 50+j0 ohms 
with a pi network. This has a three step im-
pedance path: ZL to PI to P2 to Zi. 
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11. Examples of correct impedance path*. Both show networks far matching typical power amplifier tube im-
pedances to various loads. Note that the impedance paths must not pass through the origin of coordinates. 

problem 3. Match an antenna load of 80-j45 

ohms to 50 ohms using a pi network (fig. 10). 

1. Construct a 50-ohm circle (1). 

2. Plot Z L = 80-j45 ohms. 

3. Construct circle (2) through Z L . 

4. By inspection the maximum value of X L 

is about 75 ohms. Select a value of 70 
ohms and fit it vertically as P1, P2 be-
tween circles (1) and (2). 

5. Construct circle (3) through Z L . It will 
intersect the vertical axis at —185 ohms 
(X2). 

6. Construct circle (4) through P1. It will 
intersect the vertical axis at —83 ohms 
(X3). 

X1 = 
X2 X3 

X2 - X3 

(-185) (- -83) -185 83 

(-185) - ( -83 ) 

= 150 ohms. 

102 

This is capacitive reactance added by mov-
ing from Z L to PI . 

choice of impedance paths 
Recall that the internal transfer imped-

ance must be lower than either terminal im-
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12. Solution of series-to-parallel transformation. The 
resultant impedance is 2.5 ohms. 
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-100 

pedance. The internal transfer impedance 
determines the Q of the pi network. From 
fig. 6, line segment O D determines this pa-
rameter. Therefore, from the rules of con-
struction for graphical solution to these 
problems, it is not permissible to choose an 
impedance path through the origin of co-
ordinates. Examples of correct impedance 
paths are shown in fig. 11. Here, these show 
transformation between typical tube output 
impedances and various load impedances. 
Note that the paths do not pass through the 
origin. While a 600-ohm terminal impedance 
is not too common in most rf circuits these 
days, the example does indicate the prin-
ciples to be followed when designing these 
networks. 

solving series and L networks 

problem 1. Given the series circuit of fig. 
12A, find the equivalent parallel circuit. 

1. Plot the impedance vector Z = 2 + j1.5. 

2. Construct circle (1) with its center on the 

/ 
/ 

t I \ 
r 

P I , 50 V 
L J / V \ / / 

\ \ 

L 0 
/ 

c' 

horizontal axis, which passes through the 
origin and Z as shown. It will intersect 
the horizontal axis at 3.15 ohms re-
sistance. 

3. Construct circle (2) with its center on the 
vertical axis, which passes through the 
origin and Z. It will intersect the vertical 
axis at 4.15 ohms inductive reactance. 
The equivalent parallel circuit is shown 
in fig. 12B. 

4. Solution. Scaling the Z vector gives an 
impedance of 2.5 ohms (3). 

problem 2. In the network of fig. 13, it is 

desired to find X L , X c , L, and C for a fre-
quency of 3.9 MHz. 

1. Construct circles (1) and (2) through 50 
ohms and 75 ohms as shown. 

2. Construct line P1-P2, which is X L series 
and scales 35 ohms. 

3. Construct circle (3) through P1. It will 
intersect the vertical axis at —105 ohms. 
This is X c parallel capacitive reactance ob-
tained in moving clockwise from 75 ohms 
along circle (2) to P1, which is directly 
below P2, the 50-ohm point. 

Solution. 

X 

C = 

L . 
2 Trf 

10« 

35 

2w X 3.9 

106 

1.43 mH 

2rrfx0 2ir X 3.9 X 105 

X L = 35 ohms 

X c = 105 ohms 

problem 3. Match 50 + jO ohm to Z L = 

125-J72 ohms, a complex load (fig. 14). 

1. Construct a 50-ohm circle (1). 

2. Plot Z L = 125 - j72. 

3. Construct circle (2) through Z L . 

4. Construct a vertical line from P2 to Px. 
This is the series X L and scales 77 ohms. 

5. Construct circle (3) through the origin 
and Z L , It will intersect the vertical axis 
at - 2 8 5 ohms (X2). 

386 pF 

13. Examples of 2-step impedance path from 75 
ohms to 50 ohms in an L network. 
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6. Construct circle (4) through the origin 
and P2. It will intersect the vertical axis 
at - 1 1 0 ohms (X3). 

7. When neither of the terminal points is 
on the horizontal axis, as in this case with 
Z L and P2, it is necessary to compute the 
value of reactance involved in moving 
from Z2 to P2. 

X2 - X3 

X1 = added reactance 

X2 = initial reactance 

X3 = final reactance 

X1 - ( -285) (-110) 

(-285) - (-110) 
= —179 ohm capacitive 

8. Solution: L1 = j77 ohms, and C I = 
j170 ohms. 

In fig. 15 are examples of three different 

Z (ohms) 
O — T - m n o 

ZI.90 2t • 10-123 

o—•————o 

15A. Impedance path through matching network 
consisting of series L and parallel C. 
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14. Matching a 50-ohm resistive load to a complex 
load. The impedance path is from Z L to P2 to PI . 

choices of impedance paths in going from 
Z2 to Z1 using three network combinations 
to match a resistive 50-ohm load to a com-
plex load of 10-j25 ohms. Again, the "for-
bidden" path is not to be used because it 
passes through the origin. 

summary 
We have shown examples of solving the 

most common impedance-matching prob-
lems using simple geometric methods. The 
following notes are offered in adopting these 
methods for solving a wide variety of prob-
lems. 
1. The L-network is one of the most useful 
circuits known for matching nearly all direct-
coupled tank systems. The examples show 
how to match a high-resistance to a low-
impedance reactive load. If the converse is 
desired, it is only necessary to convert the 
reactive load to its equivalent parallel com-
ponents. 

2. T networks are useful as harmonic at-
tenuators in low-impedance transmission 
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15B. Impedance path through matching network 
consisting of series and parallel L, respectively. 
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15C. Impedance path through parallel and series 
L, respectively. 

lines. These can be readily solved by treat-
ing them as two cascaded L sections and 
combining the capacitances. 

3. The pi network is used to match a wide 
range of load impedances with reasonable 
tank-circuit Q. Contrary to some popular 
notions, the pi network will not match a 
tube to any length of wire. The circuit is 
load-limited by the ratio of tube load and 
circuit Q if it is to perform as an efficient 
transformer.8 
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15. Another example of impedance paths in network 
design. Three different 2-step paths are shown from 
Z2 to Z1 as well as the "forbidden" path through the 
origin. 
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new life 
for the 

Collins 51J 
receiver vfo 

The local oscillator 

in this excellent receiver 

can be restored 

to like-new operation 

with these 

modifications 
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The Collins 51J series receiver (military 
type R-388/URR) is a valuable adjunct to 
any amateur station. Several articles have 
described modifications to make this su-
perb receiver better suited to single side-
band reception.1'2'3 

Available through surplus sales or MARS 
issue, the 51J receiver offers low-drift fre-
quency readout capability from 500 kHz to 
30.5 MHz. Indeed, a mint condition 51J 
with its 100 kHz crystal calibrator makes a 
good frequency meter for the home lab-
oratory or amateur station in addition to 
providing excellent high-frequency and 
broadcast-band reception. 

I've noticed that secondhand 51J receiv-
ers seem to be valued in proportion to the 
accuracy of tuning-dial calibration which, 
in turn, is a direct function of tuning lin-
earity of the variable frequency oscillator 
(vfo)—the heart of the receiver. The better 
the vfo tracking characteristics, the greater 
the worth of the receiver. The difference 
in cost between a receiver having a good 
and a poor tracking characteristic is several 
hundred dollars. 

vfo calibration shift 
My 51J receiver was purchased second-

hand in 1956. At that time, I made an ac-
curate frequency check of the vfo and filed 
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the results. Over the years, I noticed a 
gradual, slow shift in calibration linearity. 
Finally, in early 1968, I found that correc-
tion was beyond the capability of the dial 
zero adjust (or fiduciary setting, as it's 
sometimes called). 

A check with other owners of older 51]'s 
indicated that their receivers had the same 
slow drift to a certain extent. Interestingly 
enough, in all cases, the calibration shift 
was in the same direction and of the same 
magnitude. That is, the vfo tuning range 

J ig for Collins vfo adjustment. Oscillator cover is 
removed to expose adjustment coil, L-002. Shield 
must be replaced for calibration, as it shifts reso-
nant-circuit frequency. 

gradually contracted. Instead of tuning 
1000 kHz with ten revolutions of the tun-
ing dial, the tuning range was reduced to 
about 990 kHz with ten revolutions. This 
made each end of the dial in error by 5 
kHz when calibration was established at the 
center of the tuning range. For example, 
when calibration was "on the nose" at 
15 MHz, at 14.5 MHz the dial would read 
14.505 MHz; and at 15.5 MHz, it would 
read 15,495 MHz. 

The 51) instruction manual is full of ex-
hortations about not tampering with the 
sealed vfo, otherwise frequency calibration 
will be degraded. True, there's an auxiliary 

adjustment on the front of the vfo that can 
be used to restore tracking. However, in 
most older 51J's, the adjustment will have 
been "used up," and no further adjustment is 
possible. 

modifications 
This being the case, I felt my receiver's 

calibration was so far off that no further 
damage could be done to the sealed vfo unit 
if it was carefully opened and examined. 
Accordingly, the vfo was removed from the 
51J (not without some trepidation), opened, 
modified, resealed, and replaced in the re-
ceiver. Results were so gratifying that I pre-
pared this article to describe the modifica-
tion, with the hope that it will benefit other 
owners of this fine receiver. 

It should be noted that Collins approval 
of this radical surgery has not been ob-
tained, and I doubt if such a modification, 
as described here, would meet with other 
than raised eyebrows. However, many 51J 
receivers have outlived their warranty. So if 
yours is one of these and suffers from the 
ailment described, the modification will re-
store receiver dial calibration to that com-
parable with a new set. 

While modifying the vfo, several capa-
citors that have a notoriously short life can 
be replaced, thus enhancing the receiver's 
long-term reliability. 

the variable frequency oscillator 
This modification involves the Collins 

70E-15 oscillator used in the 51) receivers. 
The unit tunes 2 to 3 MHz, with a generous 
overlap at each end of the range. Shaft 
rotation requires ten turns to cover the 
1000-kHz range. Output voltage into an 
open load varies between 3.5 and 6 volts, 
at an operating potential of 150. Oscil-
lator tube V-001 (see fig. 1) receives in-
phasc feedback voltage from amplifier tube 
V-002's screen circuit through capacitor 
C-008. The oscillator tank consists of trim-
mer inductor L-002, permeability-tuned in-
ductor L-001, and tank capacitor C-001 in 
parallel with temperature compensating ca-
pacitors. The oscillator is tuned by moving 
the powdered iron core within inductor 
L-001. The core, or slug, traverses a lead 
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screw rotated by the receiver tuning dial. 
Tuning ranges and other data for the Col-
lins vfo's are listed in table 1. 

The over-all oscillator tuning range is es-
tablished by adjustment of trimmer induc-
tor L-002, which may be manipulated 
through an adjustment hole in the front 

points have shrunk, and neither trimmer 
coil L-002 nor the zero adjust compensation 
device on the tuning dial will bring the 
end points within the correct range. When 
new, the vfo may be adjusted over a range of 
about 40 kHz, centered about the 1000-kHz 
tuning range (fig. 2). As the unit ages, the 

(RED/BUJ) 

fig. 1. Collins 70E-15 vfo schematic. As tuning slug in L-001 ages, oscillator tuning range decreases until trim-
mer L-002 provides no more correction; L-002 is reworked to restore correct tuning range. 

plate of the oscillator. With the aid of a 
special adjustment tool, L-002 may be tuned 
without removing the oscillator from the 
receiver. Vfo alignment by adjustment of 
coil L-002 is covered in the Collins instruc-
tion and maintenance manual (sec-
tion 5.3.15). 

When the receiver is new, this adjustment 
permits expansion and contraction of the 
vfo tuning range from a minimum of about 
980 kHz to a maximum of about 1020 kHz. 
Proper adjustment of L-002's slug permits 
the tuning range end points to be moved 
sufficiently to ensure good calibration at the 
ends and center. 

Alas, as the 51J receiver ages, it seems 
that the powdered-iron core of the main 
tuning slug ages also. At some future time, 
it will be found that the tuning range end 

total range of L-002 remains about the 
same, but the entire range shifts in fre-
quency as shown, until it doesn't include 
the desired correction range. 

Luckily the slow shift of the vfo tuning 
range seems to decrease with time. Even-
tually stability is achieved, but at just about 
the time the user finds he has run out of 
vfo compensation because of the combined 
aging of the main tuning slug and the rel-
atively restricted adjustment range of coil 
L-002. 

An astute student of Murphy's Law could 
have predicted this impasse; thus the ques-
tion is raised: what can be done to re-
establish the correct tuning range of trim-
mer coil L-002 so that an older 51J may 
be brought into calibration and allowance 
provided for future corrections, if needed? 
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vfo removal 
In order to work on the vfo, it's neces-

sary to remove it f rom the receiver and 
mount it in a temporary calibration jig, as 
shown in the photograph. To begin this 
task, remove the vfo tubes and the fo l low-
ing panel dials: selectivity, phasing, main 
tuning, band change, antenna t r im and bfo 

As you remove the vfo, take care to catch 
and carefully retain the central por t ion of 
the flexible shaft coupler, wh ich usually 
falls out at this point. Note that the upper-
right screw hold ing the vfo, as v iewed f rom 
the front, is accessible f rom the front of the 
receiver through a hole in the tuning gear 
by turning the "k i locyc le" shaft to align the 

fig. 2. Plot of trimmer coil 
L-002 inductance versus cor-
rection range. Removing one 
or two turns reduces over-al l 
correction range, but moves 
it in proper direction to allow 
correction as shown. 
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pitch. Next, remove the front panel by re-
moving 11 securing screws, and unhook the 
two dial lamps over the dial drum. Til t the 
panel forward. Now, remove the plastic 
"k i locycles" dial f rom the vfo shaft, after 
first setting the vfo shaft at about the center 
of the tuning range. 

Remove the three screws and lock wash-
ers hold ing the vfo to the chassis panel. Un-
solder the two power leads (black/white is 
f i lament; red/blue is B-plus to pin 5 of 
the voltage-regulator tube). Unsolder the 
coaxial output cable f rom pin 1 of the 6BE6 
mixer tube. The vfo is now free of the 
receiver. 

The easiest way to remove the vfo is to 
l i f t it upwards through the top of the re-
ceiver, as the under-chassis area is blocked 
by other components. To do this, remove 
the bo t tom tapped panel spacer f rom the 
front of the vfo, the spacer otherwise w i l l 
hi t the shaft coupler and prevent the vfo 
f rom being t ipped forward for removal. 

hole over the screw. 
Once the vfo is out of the receiver, mount 

it in the jig. Attach a flexible coupler to the 
vfo tuning shaft. When you remove the orig-
inal coupl ing f rom the vfo shaft, note its 
location on the shaft before you remove it. 
This w i l l a l low it to be returned to the same 
posit ion after complet ion of work. Normal-
ly, the coupl ing plate is flush, or nearly so, 
w i th the end of the shaft. 

The plastic "k i locycles" dial and an ex-
tension shaft permit the vfo to be tuned 
dur ing tests, and a makeshift pointer is 
mounted to the a luminum plate so dial 
calibration may be noted. Place the re-
ceiver aside, and cover the main drum 
dial w i th a cloth to protect its pr inted sur-
face. 

vfo adjustment 
Apply f i lament and plate voltage to the 

vfo. It should draw about 12 to 15 mA 
plate current. Make a frequency calibration 
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chart of the tuning range by checking the 

100-kHz points against a well-calibrated re-

ceiver tuned to the 2- to 3 - M H z range. 

Next, remove the vfo shield. The shield 

wil l shift the vfo frequency by many k H z 

when removed. It must be replaced when 

frequency measurements are made. W h i l e 

the shield is off, however, observe the move-

ment of L-002's slug as you vary it. This wi l l 

g ive you a feel as to the amount of expan-

sion or contraction that this adjustment pro-

vides. In most cases, you' l l f ind this control 

won't provide enough expansion for the 

correction range. A maximum tuning range 

of about 990 kHz per ten turns of the dial 

may be found; thus the dial must make 

about 10-1/8 revolutions for the 1000-kHz 

range. 

Note also that the maximum tuning range 

is about 12V2 turns of the shaft, with the 

center point about 5V2 turns from the 2 - M H z 

end. The most nearly correct tuning range 

wil l occur with L-002's slug withdrawn 

from the coi l (minimum inductance). 

replacing capacitors 
Before you recalibrate the vfo, it's wise 

to replace certain capacitors. Whi le they 

don't affect vfo calibration, they're bound 

to give trouble sooner or later. These are 

the two 0.01 fit bypass capacitors, C-005, 

and C-006, located beneath the tube sockets, 

and the 0.01 MF feedback capacitor, C-008. 

(The latter is inside the vfo can at the base 

of the main tuning coil, L-001.) All are 

"match stick" capacitors, rated at 200 Vdc . 

They short out frequently, especially when 

they age. Since the vfo must be removed 

to make the coil modifications, it's a good 

idea to replace these capacitors. 

Capacitors C-005 and C-006 may be 

reached by removing the small U-shaped 

shield beneath the vfo tube sockets. The 

shield is soldered in place and can be easily 

removed. Replace C-005 and C-006 with 

0 . 0 V F , 600-volt disc ceramics. Resolder the 

U-shaped shield, making sure the new capac-

itors' leads don't short to the metal case or 

cover. 

Feedback capacitor C-008 is located in 

the vfo at the base of the main oscillator 

coil, L-001. Replace C-008 with a 0 . 0 0 W , 

300-volt silver mica capacitor. Secure the 

new capacitor to the adjacent support ter-

minal with a drop of epoxy cement. The 

vfo is now ready for final calibration. 

calibrating the vfo 
It's necessary to reduce the over-all in-

ductance of the tuned circuit to achieve 

the proper tuning range. This is most easily 

done by altering the inductance of trim-

mer coil L-002. W h e n new, L-002 has an 

inductance range of about 0.18 - 0.4 /uH 

(fig. 2). In order to bring the adjustment 

range within practical limits, one turn 

should be carefully removed from L-002's 

outer end. 

Carefully unsolder L-002's terminal con-

nection, and unwind the wire. Scrape the 

insulation one turn back from the end. Re-

solder the wire to the terminal at this 

point. Replace the vfo's cover, and make 

several frequency checks at different set-

tings of L-002's slug. If the inductance set-

ting of L-002 is correct, the vfo wil l tune 

the 1000-kHz range with ten turns of the 

shaft and with L-002's slug advanced about 

six turns into the coil. You should be able 

to expand and compress the over-all tun-

ing range from 995 to 1005 kHz or more by 

adjusting L-002. If the vfo was very far out 

of adjustment initially, it may be necessary 

to remove an additional one-half turn from 

L-002 (see fig. 2). 

The chart of fig. 2 shows that when 

L-002's inductance is decreased, its adjust-

ment range is accordingly reduced. With 

one turn removed, the adjustment range is 

about 18 k H z ; with two turns removed, it 

shrinks to about 8 kHz . Clearly, no more 

wire than is absolutely necessary should be 

removed from L-002, as the point of no 

return approaches rapidly. 

O n c e L-002 has been adjusted to provide 

the proper tuning range, the vfo is ready 

to be returned to the receiver. Firmly bolt 

the vfo's cover into place. Set the vfo to 

approximately the center of its tuning range 

(about 2.5 MHz) . Set the "megacyc le" dial 

to an integral megahertz (15 M H z , for 

example). 
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table 1. Tuning ranges, operating voltages, and number of tuning dial revolutions to cover tuning ranges of 
the Collins receiver vfo's. 

Tuning 
Range Filament 

Type Use (MHz) Voltage B + Turns* 

70E-1 ARC-2 1.0-1.5 12.6 250 10 

70E-2 ARR-1S 2.0-3.0 12.6 250 10 

70E-3 ARR-15 0.450-0.550 12.6 250 5 

70E-7A 75A-1 2.0-3.0 6.3 250 10 

70E-8 31 OB 
32V 

1.6-2.0 6.3 180-
250 

16 

70E-10 70S-A 0.600-0.800 6.3 250 10 

70E-11 708-A 1.0-1.5 6.3 250 10 

70E-12 75A-2 
75 A-3 

1.955-2.955 6.3 150 10 

70E-14 KW-1 1.6-2.5 6.3 210 16 

70E-15 51-J 2.0-3.0 6.3 150 10 

70E-23 KWS-1 2.75-3.75 6.3 210 10 

70E-24 75A-4 1.955-2.955 6.3 150 10 

70H-1 R-389 0.469-0.980 6.3 180 51 

70H-2 R-390 2.455-3.455 6.3 180 10 

70H-12 R-390A 2.455-3.455 6.3 180 10 

70K-1 KWM-1 3.455-3.545 6.3 200 1 

70K-2 KWM-2 2.5-2.7 6.3 130 2 

70K-2 32S-1 2.5-2.7 6.3 130 2 

70K-2 75S-1 2.5-2.7 6.3 130 2 

"Number of shaft turns to cover vfo tuning range. 

The first step is to replace the center 
portion of the vfo's shaft coupler on the 
mating coupler section of the receiver. It 
may be held in place by friction, plus a 
little heavy grease. Lower the vfo into por-
tion with a twisting motion, and when in 
place with coupling mated, temporarily lock 
it into position with two retaining screws 
through the front panel. Replace the bottom 
spacer (previously removed), and secure the 
third panel bolt. Rotate the vfo shaft to 
make sure the coupling doesn't bind. Then 
return it to an even "megacycle" position 
on the main dial. 

The final job is to align the vfo shaft 
and the "megacycle" and "kilocycle" dials 
for correct readout. Tune in a signal of 
known frequency from a generator or 
WWV. Various shaft couplings should be 
slipped until calibration is correct, using the 
receiver bfo for zero-beat. The process is 
markedly speeded if the dial setting and 

various shaft settings are not touched once 
the original positions are logged before re-
moving the vfo. However, even if the shaft 
positions are inadvertently lost, no great 
harm is done. They may be re-established 
as long as an accurately known frequency is 
used for final calibration. 

A number of Collins receivers, modified 
as described here, have dial calibrations 
accurate to within one kHz at any point on 
the dial. The zero-set adjustment need not 
be used unless a very accurate frequency 
readout is desired. 

references 
1. P. H. Lee, "Further Improvements for the Collins 
51-)," CQ , April , 1968, p. 68. 
2. W. M. Scherer, "More On Updated Improvements 
for the 51 ) Receiver," CQ, December, 1968, p. 64. 
3. P. H. Lee, " A Single Tube Product Detector," CQ , 
Apri l , 1961, p. 50. 

ham radio 

december 1969 g j j 41 



frequency synthesis 

A discussion 

of some digital 

frequency synthesis 

techniques for 

amateur radio 

operators 

« 
X OJ 
H 

O 
U 

•a n at 

a 
u 

n u 

u aj H 

s 
in < 

N C 
m 
Q 

As the amateur bands become more and 
more crowded and the need for precise fre-
quency control becomes greater and greater, 
advanced amateurs should abandon the 
familiar vfo and consider the more sophisti-
cated, more accurate frequency synthesis. 
The techniques of frequency synthesis have 
been available for years, but it wasn't until 
the advent of integrated circuits and com-
puter counting techniques that a practical 
method evolved. 

Forty years ago, a vfo was accurate 
enough for most communication systems. 
Then the airwaves became crowded, chan-
nels were assigned, and soon (for all except 
the amateur) the vfo was not accurate 
enough. Enter the crystal oscillator with its 
excellent long-term frequency stability. En-
ter also a cost problem because each de-
sired frequency required at least a separate 
crystal. This problem was overcome by com-
bining a vfo with a crystal oscillator. When 
the frequency of a vfo is controlled by a 
crystal oscillator, the drift of the vfo is con-
stantly corrected so that the long-term 
drift of the output signal is equal to that 
of the crystal oscillator itself. 

One of the basic elements of frequency 
synthesis is the phase-lock loop. Fig. 1 il-
lustrates the basic phase-lock loop in which 
the output of a voltage-controlled oscillator 
(vco) constantly is compared with the fre-
quency supplied by the reference source. 
The reference source usually is a crystal 
oscillator; the vco may be thought of as a 
vfo whose output frequency is determined 
not by a manual dial but by an electrical 
input. 
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Because of its long-term instability, the 
vco tends to drift off frequency. Any change 
in the output frequency is detected by the 
phase comparator when compared with the 
reference signal. When a phase difference 
exists, the phase detector generates a con-
trol voltage which returns the vco to the 
proper frequency. The long-term stability 
of the phase-lock loop output is that of 
the reference source. 

voltage-controlled oscillator 
The simplified schematic diagram of a 

typical voltage-controlled oscillator (vco) is 
shown in fig. 2. The components form a 
common-base Hartley oscillator circuit with 
L I , C I , C2 and D1 in the tank circuit. R2 
and R3 form a voltage divider to establish 
base bias for Q 1 ; C3 places the base of Q1 
at rf ground. The output of Q1 is developed 
across R1 and L1. Any ac developed across 
R1 is fed back to the emitter of Q1 through 
C4 and the tap on L i ; this positive feedback 
causes oscillation. Since the oscillation fre-
quency is determined by the tank circuit, 
the resonant frequency of the tank circuit 
can be changed by changing the value of 
C I or D1. 

D1 is a variable capacitance diode (var-
actor) which , as long as it is reverse-biased, 
acts as a capacitance whose value varies in 
proportion to the dc voltage across the 
diode. By controlling the dc voltage across 
the diode, the resonant frequency also can 
be changed manually by changing the set-
ting of variable capacitor C I . 

Capacitor C2 isolates the dc control vol-
tage from the transistor, and the rf choke 
in series with the dc control voltage, along 
with capacitor C5, forms a low-pass filter 
that prevents rf present in the tank circuit 
from being applied to the dc control lines. 

pulse shaping networks 
Since this article deals with pulse han-

dling circuitry, this section wi l l review some 
basic pulse shaping networks shown in 
fig. 3. Consider the cl ipper first. The diode 
shunted across the output clips the nega-
tive excursions of the input pulse (when 
the diode is forward-biased) but does not 
affect the positive excursion {when the diode 

is reverse-biased). Reversing the polarity of 
the diode would leave the negative-going 
pulses in the output whi le removing the 
positive-going portion of the input wave-
form. 

The clamper shifts the input waveform 
so that the largest negative excursion (10 
for the input) occurs at 0 volts in the output. 
Thus, the dc component of the output is 
+ 1 0 Vdc, the iargest negative excursion is 
0 Vdc , and the largest positive excursion is 
+ 2 0 Vdc. Reversing the polarity of the diode 
would place the dc component of the out-
put at —10 Vdc, the largest negative excur-
sion at —20 Vdc, and the largest positive 
excursion at 0 Vdc. Note that the wave-
form is not distorted. 

The differentiating network (or differen-
tiator) is an RC circuit whose time constant 
is extremely short in comparison with the 
pulse width (pw) or pulse repetition time 
(prt) of the input signal. The fast, positive-
going leading edge of the input pulse is 
immediately passed by the capacitor, and all 
of the output appears across the resistor. 
As the capacitor charges, more and more 
voltage appears across the capacitor and less 
and less across the resistor. When the nega-
tive-going trailing edge of the pulse appears 
at the input, it is immediately transferred 
to the output by the capacitor, and all of 
the voltage appears across the resistor. 

As the capacitor charges, more and more 
voltage appears across the capacitor and 
less and less across the resistor. Thus the 
input squarewave pulse has been shaped into 
symmetrical positive and negative spikes 
coinciding with the leading and trailing 
edges (respectively) of the input pulse. 
Either the positive or negative portion of 
the output waveform could be eliminated 
with a clipper, leaving one spike for each 
input pulse. 

The ramp-forming integrating net would 
be a simple low-pass filter if it were not 
for the diode across the resistor. When 
the positive-going leading edge of the in-
put pulse occurs, the diode is reverse-
biased, and all of the current flows through 
the resistor. As long as the load on the 
output is negligible, the current through 
the resistor is that necessary to charge the 
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capacitor. Initially, the current is relatively 

high, and most of the input voltage ap-

pears across the resistor. A s the capacitor 

charges, more and more voltage appears 

across the capacitor, and because less cur-

rent is required, less and less voltage ap-

pears across the resistor. 

If the R C time constant is made relatively 

long in comparison with the prt of the input 

waveform, the s loping portion of the output 

waveform wil l be a relatively straight ramp. 

W h e n the negative-going trailing edge of the 

input pulse appears, the forward-biased di-

ode provides an easy discharge path for 

the capacitor. It also couples the input 

directly to the output. S ince the input is 

zero and the capacitor is quick ly discharged, 

the output is zero. 

phase detector 
In the phase-lock loop illustrated in fig. 

1, the variable output frequency was com-

pared with the signal from the reference 

source. This is accompl ished in the phase 

detector or phase comparator stage that 

is illustrated in fig. 4. In this circuit Q1 

and Q 2 are connected as a flip-flop. W h e n 

power is first applied, one transistor con-

ducts more heavily than the other because 

of natural circuit intolerances. Assume that 

Q 2 conducts more heavily than Q1. The 

voltage at the collector of Q 2 goes less 

positive, and is coupled through resistor 

R2 and commutating (speed-up) capacitor 

C 2 to the base of Q1. 

The negative-going voltage at the base 

of Q1 tends to cut off Q 1 , which results in 

a posit ive-going voltage at the collector 

of Q 1 . R1 and C1 apply this posit ive-going 

voltage to the base of Q 2 , increasing the 

forward bias on the base of Q2. Regenera-

tive action occurs, and a stable state is 

reached with Q 2 saturated and Q1 cut off. 

ERROR 
VOLTAGE— 

The output (at the base of Q3) is effectively 

zero. 

If a negative pulse (or the trailing edge 

of a positive pulse) is appl ied to capacitor 

C 4 whi le Q 2 is on, d iode D2 is forward 

biased (by the positive voltage on the base 

of Q2), and the negative-going signal wil l 

be coupled to the base of Q2. This pulse 

momentarily cuts off Q2. The collector of 

Q 2 becomes positive, and this positive-go-

ing voltage is coupled by R2 and C 2 to 

the base of Q 1 , turning on Q1. The result-

RF OUTPUT TO 
BUFFER STAGE 

O 

ft? 
DC CONTROL 

c s VOLTAGE 

cc 

REFERENCE PHASE / VOLTAGE-
CGNTROLLED 
OSCILLATOR SOURCE COMPARATOR 

VOLTAGE-
CGNTROLLED 
OSCILLATOR 

i> 

FEEDBACK SIGNAL 

RF OUTPUT 
i O 

fig. t. Block diagram of the basic phase-lock loop. 

fig. 2. Simplified schematic diagram of a 
typical voltage-controlled oscillator. 

ing low voltage at the collector of Q1 is 

coupled by R1 and C I to the base of Q2, 

holding Q 2 off. The output (at the base of 

Q3) is now positive. Thus, a second stable 

state has been reached, with Q1 on and Q 2 

off. Note that Q1 and Q 2 cannot both be 

on or off at the same time. 

At this point, d iode D1 is forward-biased 

and diode D 2 is reverse-biased by the 

voltages on the bases of Q1 and Q 2 respec-

tively. If a negative-going pulse is appl ied 

to capacitor C3, Q1 wi l l be momentari ly 

cut off. The collector of Q1 becomes posi-

tive, the base of Q 2 goes positive, and Q 2 

turns on. The collector of Q 2 goes less 

positive, the base of Q1 goes less positive, 

and Q1 is turned off. This returns the flip-

flop to its original state: Q2 on, Q1 off. 

T h e output (at the base of Q3) is again 

low. 

The timing diagram in fig, 5 illustrates 
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the waveforms present during the applica-
tion of the flip-flop phase comparator. The 
reference signal from the reference source 
is converted into a squarewave by squaring 
amplifiers (not shown). This input is dif-
ferentiated by capacitor C4 and the base-
emitter resistance of Q2. The positive spike 
first formed by the differentiator at time 
TO has no effect on Q2 since Q2 is already 
on. The negative spike formed on the trail-

ing edge of the reference pulse at time 
T2 turns off Q2, and Q1 turns on (as ex-
plained earlier). Therefore, at T2 the col-
lector of Q2 goes positive and the collector 
of Q1 goes to zero and the output is high. 

The variable signal from the output of 
the vco is applied to squaring amplifiers, 
converted to a squarewave and applied to 
C3. The positive going spike at T1 has no 
effect on Q1 because diode D1 is reverse 
biased by the low voltage on the base of 
Q1. However, at T2 diode D1 becomes for-
ward-biased by the positive collector vol-
tage of Q2. When the negative spike ap-
pears at C3 at T3, it is coupled to the base 
of Q1, turning off Q1, and Q2 turns on. 
The collector of Q2 goes low, and the out-
put is low. 

The flip-flop is now in its original stable 
state of Q2 on, Q1 off, and it remains 
that way until the next negative-going pulse 

from the reference input at time T6. Then, 
Q2 turns off, Q1 turns on, and the output is 
high. The output remains high until the next 
negative-going pulse from the variable input 
at T7. This turns Q1 off, Q2 on, and the 
output is low. The output of the stage is 
taken across load resistor R5 in the emitter 
circuit of buffer amplifier Q3. During the 
time period from TO to T11, the reference 
signal leads the variable signal by 90°, and 

the output pulse has a 25 percent duty 
cycle. 

At T11 the phase of the variable signal 
shifts so that the variable lags the reference 
by 180 degrees. At T14, the negative-going 
reference signal turns off Q2 and Q1 turns 
on. The next negative-going variable signal 
occurs at T16, turning off Q1, and Q2 turns 
on. Thus, the output of the circuit is high 
from T14 and T16 and from T18 to T20, and 
the output pulse has a 50 percent duty cycle. 
The pulse width of the output signal is 
directly proportional to the phase difference 
between the two input signals and is greatest 
when the phase difference is 359 degrees. 
Note that the prt of the output is the same 
as the prt of the reference signal. 

Applying the output from buffer ampli-
fier Q3 to a low-pass filter will provide a 
dc voltage that is highest when the phase 
difference is greatest. If this voltage is ap-
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fig. 3. Pulse-shaping networks. 
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plied correctly to the vco, it can keep the 
vco on the desired frequency. 

frequency synthesizer 
Most of the elements necessary to con-

struct a digital frequency synthesizer have 
been covered. One possible configuration 
is shown in fig. 6. 

The frequency standard is a crystal oscil-
lator operating at 100 kHz. The 100-kHz out-
put of the frequency standard (Fs) is applied 
to a fixed frequency divider. It divides in-
put frequency Fs by a fixed devisor (M) 
to obtain reference frequency Fr. (It will 
become apparent later that the output fre-
quency of the synthesizer may be shifted 
in discrete steps equal to the reference fre-
quency. Thus reference frequency Fr must 
be low to make the steps practical. It is 
more practical to use a relatively high fre-
quency crystal oscillator followed by a di-
vider than it is to have a properly designed 
low frequency oscillator to provide Fr direct-

ly.) 
By changing the divisor (M) it is pos-

sible to change the reference frequency, 
but this change is usually reserved to the 
design rather than the operational process. 
For example, if Fs = 100 kHz and M = 10, 
then Fr = 10 kHz. Or, if Fs = 100 kHz and 
M = 100, then Fr = 1 kHz. The latter is more 
practical for application in the amateur 
bands and is the frequency which will be 
used in the following discussion. 

In a similar manner, the rf output of 
the synthesizer is divided, but by a variable 
divisor (N). Assume that the output fre-

quency is 3600 kHz, Then, if N is set (by 
means of switches on the control panel) to 
3600, the output of the variable divider (Fd) 
is 1 kHz. This 1-kHz signal is compared with 
reference frequency Fr (also 1 kHz). Any 
phase difference is detected, and a pulse 
train is applied to the control voltage (low-
pass) filter. The output of the filter is a 
dc voltage used to control the -vco. When 
divided output frequency Fd equals 
reference Fr, the loop is "locked." 

The beauty of the circuit is that the out-
put frequency (Fo) can be changed merely 
by varying the divide ratio (N). Assume that 
N is changed from 3600 to 3590. The fre-

SOUAREWAVE 
VARIABLE 

SOUAREWAVE 

fig. 4. Phase comparator stage electronically com-
pares a varying signal with a stable reference signal. 

quency of the vco must now change to 
keep the reference frequency and Fd the 
same. At the instant of change, Fd equals 
1.003 + kHz (3600 kHz 3590 = 1.003 + kHz). 

PULSE OUTPUT 
TO FILTER 

fig. 5. Timing diagram 
of the phase-comparator 
stage. 

DIFFERENTIATED 

DIFFERENTIATED 

0 2 COLLECTOR 

01 COLLECTOR 

03 BASE 

OUTPUT 

46 g j december 1969 



W h e n this value of Fd is compared with 

Fr the control -voltage changes to swing 

the frequency of the vco (Fo) lower. A s the 

vco frequency approaches 3590 kHz, the 

control signal continues to change until fi-

nally the output frequency is 3590 kHz, Fs 

is 1 kHz, and the control signal is stabliized. 

At this point (at the start of the sequence) 

the phase detector is not comparing phase 

but is detecting a frequency and phase 

difference. Without knowing more of the 

parameters of this system, it's not possible 

to say that an error of 10 kHz is within 

the capture range of the phase-lock loop. 

If the error is outside the capture range, 

fig. 6. Block diagram of a digital frequency synthe-

sizer. 

the loop will be unable to correct the vco 

output to the new, desired frequency. 

A large frequency error may be corrected 

in two ways: 

1. The vco frequency could be changed 

manually until the output is within the cap-

ture range of the system. 

2. Another control signal could be gen-

erated to rapidly sweep the vco through its 

entire range. As the vco frequency entered 

the capture range of the phase-lock loop, the 

loop wou ld take over frequency control. 

The first method is probably the least ex-

pensive, especially from an amateur's point 

of view. It wou ld be a simple matter to 

monitor the dc control voltage; any control 

voltage fluctuations wh ich persisted wou ld 

indicate that the loop was " hun t i ng " and 

not locked. C I in the vco could then be 

varied until the hunting ceased. 

frequency comparator 
If it's necessary that the synthesizer auto-

matically set itself to a new frequency (as 

would be the case in a remote control sit-

uation), the circuit shown in fig. 7 could 

be used. The flip-flop is identical to that 

used in the phase comparator in fig. 4. 

It is shown here in its logic symbol form, 

which is easier to work with. 

Briefly reviewing its operation, the ref-

erence squarewave is applied to the set (S) 

input, causing the Q output to go high until 

such time as the variable input signal (ap-

plied to the reset |R] input) causes the 

Q output to go low and the Q (read N O T Q) 

output to go high. (To assist you, the fol-

lowing comparison is made to the flip-flop 

shown in fig. 4. The set input is C4, and the 

reset input is C3. The Q output is the 

collector of Q2 , and the Q output is the 

collector of Q1.) The frequency comparator 

in fig. 7 will provide the same phase dif-

ference signal as the phase comparator in 

fig. 4. In both cases the phase difference 

output is taken through a non-inverting 

buffer amplifier to minimize loading on the 

flip-flop. 

The frequency comparison circuit makes 

use of the fact that if a frequency difference 

exists between the two input frequencies, the 

higher frequency signal will complete one 

cycle and at least start another before the 

lower frequency signal completes one cycle. 

Fig. B shows the waveforms present in the 

frequency and phase comparator shown in 

fig. 7. 

Note that the frequency of the reference 

signal (S) is higher than the variable signal. 

In fact, between times T1 and T7 three 

cycles of the reference frequency occur 

while only two cycles of the variable fre-

quency take place. Note also that the ref-

erence causes the Q output to be high and 

the variable causes the Q output to be low. 

(Remember that only the negative-going 

trailing edges of the pulses trigger the flip-

flop.) 

The fol lowing is an example of how a fre-

quency difference is detected. The trailing 
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edge of the reference pulse at T4 causes 
the Q output to go high. The next trailing 
edge of the variable input does not occur 
until between T5 and T6. However, at T5 
another reference pulse occurs. The lead-
ing edge of this pulse has no effect on the 
flip-flop (and would have no effect if it 
was a trailing edge, since the flip-flop is 
already set and the Q output already is 
high). 

The Q output is connected to input E 
(AND gate A2). The other input (D) is 
reference signal S. At T5 both D and E are 
high because Q and S are both high. There-
fore, output F (AND gate A2) is high causing 

gate 3) indicates that a frequency difference 
exists, but the J pulse is rather short in 
duration. This pulse could be converted to 
a ramp-shaped pulse, but the rapid rise-time 
of the ramp would cause the vco frequency 
to change too fast to be detected by the 
phase and frequency comparator. One way 
to stretch the length of the pulse is to apply 
it to a one-shot as is done in fig. 7. 

A schematic diagram of a one-shot is 
shown in fig. 9. Resistor R6 biases Q2 on. 
R2 and R3 apply a fixed positive voltage to 
the base of Q1. Since Q2 is on, it is drawing 
current through R1, and the voltage drop 
across R1 causes the emitter of Q1 to be 
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fig. 7. Logic diagram of a frequency and phase comparator. 

input G (OR gate A3) to be high. Therefore, 
output J (OR gate A3) is also high. AND 
gate A1 is connected in a similar manner to 
detect simultaneous Q and R pulses (which 
occur when the variable frequency is higher 
than the reference frequency). In either 
case, an output from OR gate A3 will occur, 
indicating that a phase difference of more 
than 360 degrees exists. 

Now that a frequency difference has been 
detected, it must cause the frequency of 
the vco to change. One way to do this is to 
apply a ramp-shaped control voltage pulse to 
the varactor in the vco. This would sweep 
the vco through its entire frequency range. 

Note in fig. 8 that the J output (OR 

more positive than the fixed value of bias at 
the base of Q1. Thus, Q1 off and Q2 on is 
the stable state of the circuit. 

In this state C2 charges through R4 and 
the forward-biased base-emitter junction of 
Q2. A positive trigger at C1 momentarily 
turns on Q1. The collector of Q1 goes less 
positive and this negative-going voltage is 
coupled instantly to the base of Q2 through 
C2, which turns off Q2. The collector of 
Q2, and therefore the output, goes high. As 
time passes C2 discharges through R6, but as 
long as the base of Q2 is more negative than 
the emitter, Q2 is reverse-biased and turned 
off. As long as Q2 is off, Q1 is held on 
because of the decreased current flow 
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through R1. When C2 has discharged suf-
ficiently for Q2 to become forward-biased 
once again, Q2 turns on, and the drop across 
R1 again reverse biases Q1. 

The values of R4, R5 and R1 are critical 
to the operation of the circuit because the 
current through Q1 has to be less than the 
current through Q2. This is so the emitter 
bias developed by R1 will not turn off Q1 
when Q1 is supposed to be on, but will 
turn off Q1 when Q2 is turned on. 

From the preceding circuit description it 
is apparent that the length of the output 

phase comparator takes control of the vco 
frequency. 

fixed divider 
One of the elements necessary to the 

frequency synthesizer shown in fig. 6 is a 
fixed divider that divides the frequency of 
the source (Fs) by 100. Dividing by 100 is 
accomplished by dividing by 10 and then 
dividing the result again by 10. Some manu-
facturers market a divide-by-10 scaler which 
produces one output pulse for each 10 input 
pulses. Another way of dividing by 10 is 

tig. 8. Timing diagram of the frequency and phase-comparafor stage in fig. 7. 

pulse is determined by the length of time it 
takes C2 to discharge through R6. By ad-
justing the RC time constant of C2-R6 it is 
possible to adjust the length of the output 
pulse. In fig. 8, the time constant is such 
that the output pulse is 5 times as long 
as the reference pulse. In practice it would 
be many times this length. 

The one-shot output pulse in fig. 7 is ap-
plied to the ramp-forming integrating net 
R1-C1-D1, resulting in the ramp-shaped 
pulse shown on the last line of fig. 8. 
This pulse is applied directly to a varactor 
in the vco to sweep its frequency. Once the 
frequency is within the capture range of the 
phase-lock loop, the ramp ceases, and the 

the decade counter in fig. 10. 
The flip flops shown in fig. 10 are similar 

to the flip-flops previously discussed (fig. 
4 and 7) but have an additional input. 
The toggle (T) input provides symetrical 
triggering in that a negative pulse causes 
the Q and Q outputs to change state. If Q 
was high and Q was low before the T 
pulse, then after the T pulse Q will be low 
and Q will be high. The second T pulse 
again changes the state of the outputs so 
that Q will be high and Q will be low. 
Applying a string of pulses to the toggle 
input will yield a pulse train from the Q 
output with a frequency that is one-half 
the frequency of the input. A similar out-
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put may be taken from the Q terminal, 
but it will be exactly 180° out of phase 
with the Q signal. 

The flip-flops in fig. 10 may be unsymet-
rically triggered as before by applying 
pulses to the set (S) or reset (R) inputs, 
A negative-going pulse at S will cause Q to 
be high, while a negative-going pulse at R 
will cause Q to be high. When Q is high, Q 
is tow and vice versa. The output conditions 
cannot be predicted if both S and R are 
pulsed simultaneously. 

In fig, 10, the Q output of A (QA) is 
connected to the T input of B (TB); the Q 
output of B (Qb) is connected to the T input 
of C (Tc). In A, the input pulse is divided 
by 2; in B, the output of A is divided by 2; 
and in C, the output of B is divided by 2. 
This means that the Q output of C (Qc) is 
high after four input pulses and goes back 
to its original state after eight input pulses. 
Q c is applied to the set (S) input of flip-
flop D. 

Note that Q D is fed back to the R input 
of S and that Q A is connected to the R input 
of D. During the following discussion keep 
in mind that the flip-flops are triggered 
only by the trailing edges of the pulses. 
At the beginning, it is common to assume 
that all Q outputs are low. 

After the first input pulses, Q.v goes high. 
After pulse 2, Q A goes low. This negative-
going pulse is applied to T B causing Q B to 
go high. (The negative-going Q A pulse also 
is applied to RD, but has no effect because 
D is already reset). The third and fourth 
input pulses again cause Q A to go first high, 
then low and the negative-going Q A pulse 
that occurs causes Q n to change state from 
high to low. The negative-going Q B pulse 
causes Q G to change from low to high. Pulses 
5 and 6 again cause Q A to go first high, 
then low and the negative-going Q A pulse 
causes Q B to change from low to high. This 
positive-going pulse has no effect on C, and 
Qc remains high. Input pulse 7 causes Q A 

to go high, but this has no effect on the re-
maining circuitry. 

The action of the flip flops up to this 
point has been identical to that of a regular 
binary counter. From this point on the feed-
back paths play an active part in the opera-

tion of the counter. The trailing edge of 
pulse 8 causes Q A to go from high to low. 
This negative-going pulse is applied to T B 

and Rd . The negative-going pulse on T B 

causes Q B to go from high to low, and this 
negative-going pulse causes Q 0 to go from 
high to low. The negative-going pulse from 
Q c is applied to SB . Therefore, there are 
now two pulses applied to D which seeming-
ly contradict each other (SD tries to make 
Q N high and R|, tries to make Q P low). 
Such is not the case, however. The propaga-
tion delay of the flip-flop chain removes the 
contradiction. The RD pulse is coupled in-
stantly from Q a but the S e pulse arrives 
only after B and C have changed state, so 
that by the time the S D pulse arrives, the 
RJJ pulse has lost its punch and the S D 

pulse causes QR) to go high. 
Following pulse 9, Q t changes from low 

to high, but this positive-going pulse has 
no effect on the remaining circuitry. After 
input pulse 10, Q A goes low, and this nega-
tive-going pulse causes Q D to go low also 
(because the Q A pulse is applied to RD). 
When Q d changes from high to low, the 
negative-going pulse from Q D is applied to 
R b holding Q b low so that the negative-
going pulse at Tb (from QA) cannot cause 
Q B to change state. Q 0 is already low. 

After ten input pulses, alt flip-flop Q 
outputs are low, exactly the way they were 
when the counting started. The same se-
quence is repeated for the next and all fol-
lowing sets of ten pulses. The output from 
the decade counter is taken from Q n . Note 
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that there is one pulse for every ten input 
pulses. 

Fig. 10 also shows a simple connection 
to Q a that provides a divide-by-2 output 
from the same counter. Note the waveform 
for Qa . It contains one output pulse for 
every two input pulses. The same output 

While I have not been able to delve into 
all of the design considerations, it is hoped 
that these notes have cleared away enough 
of the fog surrounding frequency synthe-
sizers to stimulate some "research and de-
velopment" activity among those amateur 
radio operators who have cried, "I've built 

t » s uimsr 
o 

-r-sy 2 OUTPUT 

i r 

°0 
1 _ + Bf SO OUTPUT 

fig. 10. Logic and timing diagram of a decada counter with an auxiliary divide-by-two output. 

could be taken from Q A , but it would be 
180° out of phase. 

variable divider 
By selectively modifying the feedback 

paths, it is possible to build counters that 
will divide by numbers other than 2 and 
10, but the design and operation of a var-
iable divider is beyond the scope of this 
article. It should be noted that the variable 
divider shown in fig. 6 should divide Fo 
by 3500 through 3999 if the output of the 
synthesizer is to be within the 80-meter 
amateur band. 

summary 
I hope that this article has removed some 

of the mystique about frequency synthesis. 

everything there is to build from a spark-
gap transmitter to an ssb transceiver." Here 
is something new to challenge you—I'd be 
interested to hear what develops. 
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The term "slow-scan lelevision" (sstv) is ap-
pearing more and more often in the amateur 
literature. However, from comments of fel-
lows listening to the slow-scan net, it seems 
that few realize what it's all about or what 
can be accomplished with this mode. This 
article provides answers to some basic ques-
tions I've run into, both over the air, and at 
several meetings where I've exhibited my 
gear. 

what it is 
Slow-scan television is a narrow-band 

image transmission system. A 120-line pic-
ture is transmitted every eight seconds. The 
narrow-band part of the definition is impor-
tant, because a slow-scan picture requires 
significantly less bandwidth than a standard 
phone signal. Sstv is now authorized in Ad-
vanced and Extra-Class phone segments of 
the HO—15 meter bands, the entire phone 
segments of 10 meters and our vhf and 
uhf assignments. Every weekend pictures are 
exchanged between suitably equipped sta-
tions throughout the U. S. Pictures have 
been transmitted between the United Slates 
and England, the United Slates and Antarc-
tica, and between Canada and Sweden. 

About the only limitation to the DX cap-
abilities of sstv is the lack of suitably 
equipped foreign stations. Interest in sstv is 
rising rapidly in Europe, Africa and Australia, 
so it appears that a new era of international 
communications activity is just ahead. 
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equipment 
Present regulations require single sideband 

for sstv on 80 through 10 meters, while any 
phone mode may be used in the appro-
priate parts of the vhf and uhf bands. Stan-
dard transmitters and receivers are used for 
slow-scan work. Collins S-line equipment is 
used at W8SH, the club station of the Michi-
gan State University where contacts have 
been made with Canada, Sweden and several 
states, including Alaska. Other amateurs have 
been using transceivers with success. The only 
additional gear includes a picture monitor and 
camera, with their power supplies and con-
trol circuits. The picture monitor is connected 
to the station receiver audio output, and the 
camera is connected to the transmitter au-
dio input. 

sstv signal composition 
Any television system must transmit the 

following types of information: 

1. Sync signals to ensure that the received 
picture is in step with the picture being 
transmitted. These are vertical pulses to start 
each picture or frame, and horizontal pulses 
to start each scanning line. 

2. Video information, which produces black, 
white, and gray values during readout of 
each scanning line. 

A single slow-scan frame transmitted on 14 MHz by 
W4CCG, Manassas, Virginia, and received by W8SH, 
East Lansing, Michigan. The resolving power of the 
120-line system is obviously quite adequate. 

The combination of sync and video infor-
mation comprises the composite television 
signal. The original series of sstv articles by 
MacDonald described a system in which the 
composite signal consisted of an a-m tone 
or subcarrier.1 Early experiments, both on the 
air and in the laboratory, indicated that the 
subcarrier a-m signal was subject to fading 
and interference.- '® The system was then 
modified to have a composite signal consist-
ing of an fm audio subcarrier/1 The equip-
ment was adjusted so that the sub-carrier fre-

The author'* equipment at W8SH. 

quency was 1200 Hz during sync pulses, 
while Ihe video changed linearly from 1500 
Hz (black) to 2300 Hz (white). The vertical 
sync pulse width was 30 ms and was repeat-
ed once every eight seconds. The horizontal 
pulse width was 5 ms, with a repetition rate 
of 15 pps. This resulted in a 120-line raster 
with an aspect ratio of 1:1, which required 
eight seconds from start to finish (fig. 1). 

The subcarrier for a single line scanning a 
gray scale is shown in fig. 2. At A we have 
the 5 ms pulse of 1200 Hz, which starts the 
scanning line. The video information ranges 
from white at B to mid-range gray at C, to 
black at D, and back to white at E. F repre-
sents the 1200-Hz pulse, which starts the 
next scanning line. Since the 1200-Hz sync 
pulses are in the infra-black range, the trace 
is blanked during the retrace interval. With 
more complex picture material, the sync 
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DIRECTION OR 
VERTICAL READOUT • 
ESTEEMS TOTAL 

DIRECTION OF HORIZONTAL 
KAOOUT AT 66m PER LINE 

fig. 1. Slow-scan television raster. Aspect 
ratio is 1:1; readout time is 8 seconds. 

pulses would remain the same, but the varia-
tions in video information would, of course, 
be far more complex. The composite slow-
scan signal is thus an audio tone that varies 
in frequency between 1200 Hz and 2300 Hz, 
a total bandwidth of 1.1 kHz. The signal may 
be recorded on a standard audio tape re-
corder, since we are dealing with a mid-
range audio tone and not the complex wide-
band signal of standard television. 

The photograph of a single slow-scan 
frame shows the resolution of the 120-line 
system. This signal was recorded off the air 
using a portable tape recorder with a tape 
speed of 3-3/4-inches per second. It was then 
played into the monitor for photography. A 
cathode-ray tube with a long persistence 
phosphor (P7) was used in the monitor so 
that the entire picture could be observed de-
spite the extended readout time. 

the monitor 
The first step for slow-scan operation is to 

build a monitor for picture display. The most 
commonly used circuit was described by 
MacDonald.' My monitor, shown in the pho-
to, was built from this article. Cohen5 de-
scribed an economical approach to the con-
struction of this monitor using a surplus ra-
dar tracking set. This has been used success-
fully by many amateurs. 

2500 -j—| 

o 

fig. 2. The fm subcarrier frequencies as functions of 
time. Extremes of tone values, white to black, occupy 
a bandwidth of only 1:1 kHz. 

There's nothing particularly critical about 
monitor construction, since only audio fre-
quency signals are processed in the unit. 
Well-filtered power supplies and shielded 
leads in input circuits wil l prevent hum pick-
up, which is probably the biggest single fac-
tor to be avoided. Most of the parts, includ-
ing Ihe cathode-ray tube, are available from 
surplus. 

Single frame of a transmission from KC4USV, Ant-
arctica, as received by W7FEN. The echo on the right 
side of the penquin is due to multipath propagation. 

Single frame from a 20-meter transmission from 
W7FEN. W7FEN was using independent sideband at 
the time with the picture on the upper sideband and 
the voice on the lower. 
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Once a monitor has been completed, it is 

best aligned using a pre-recorded slow-scan 

tape. I'll he happy to provide such a tape to 

anyone actually constructing a monitor. 

Mos t operators will also make simultaneous 

recordings of incoming signals to provide a 

permanent record. It can be played back as 

often as you wish. The network of fig. 3 will 

allow visual and aural monitoring as well as 

recording. 

KBXl 
AUDIO 

CUTPI 

t 
1 Mawrcw 

INPUT 

1 COROeK 
INPUT 

fig. 3. Circuit for visual and audio monitor-

ing of sstv signals. Receiver i-f pass-band 

should be at least 2.5 kHz to avoid distor-

tion caused by interference. 

single sideband operation 
W h e n receiving pictures transmitted o n 

single sideband, carrier insertion must be as 

precise as possible if the subcarrier frequen-

cies are to be reproduced accurately. Small 

errors in carrier insertion will result in slight 

shifts in the gray scale, while large errors will 

usually mean no pictures at all due to the in-

ability of the monitor to trigger properly o n 

the sync pulses. Proper carrier insertion is 

easy if the monitor is in use, but may be a 

problem if you are recording " b l i n d " for la-

ter playback. In this case, it is best to wait 

for a voice transmission from the station and 

tune for ihe most natural-sounding voice 

quality. A l though this may sound like an in-

definite procedure, it is surprisingly easy and 

will almost always be close enough for g o o d 

picture rendition. 

A signal of S4 or S5 on the hf bands will 

produce a readable picture if a reasonably 

clear channel is available. Signal levels higher 

than S9 will give "tape quality" pictures in 

the absence of strong interference^ Since in-

terference is the limiting factor in hf recep-

tion, the receiver should have a narrow i-f 

response; not more than 3 kHz, and 2.5 or 

2.1 kHz is even better. If the receiver i-f re-

sponse is too broad, an external audio band-

pass filter with c utoffs at 1 and 2.5 kHz wou ld 

be a worthwhile addition. 

vhf and uhf operation 
Operation in the vhf and uhf bands is also 

feasible, but here the limiting factor is usual-

ly the signal-to-noise ratio rather than inter-

ference. The use of a-m or narrow-band fm 

on vhf eliminates the carrier insertion prob-

lems associated with ssb, but just as in nor-

mal phone operation, the use of ssb will re-

sult in a sizable increase in reliable range. 

I 've been successful in transmitting sslv pic-

tures about 100 miles o n two meters using 

just 75 watts of a-m, so this type of opera-

tion should not be overlooked. 

On-the-air shot of W9NTP. Hare Don is adjusting the 
stow-scan monitor. The shuttered camera above the 
operating position is normally operated in real time. 
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Once the receiving gear is set up and 
working, the urge develops to send pictures. 
There are two general types of picture gen-
erators now in use—the flying-spot scanner 
(fss) and the vidicon camera. The fss is suit-
able for transmitting from photographs and 
other printed material. An excellent unit of 
this type has been described by Hutton." A 
number of operators are presently using units 
of this type. A more versatile approach is a 
live vidicon camera, described by MacDon-
ald in a three-part article in QST." This is 

uses the first of the two approaches, but 
both are highly satisfactory. 

Although some live transmissions are 
made, most operators record their pictures 
for later playback over the air. This tech-
nique permits a maximum variety of ma-
terial to be transmitted in as little on-the-air 
time as possible, since the tape may be edit-
ed as it is put together. Some provision must 
be made to feed the source (camera or re-
corder) into (he transmitter audio input. The 
circuit of fig. 4 is useful for this purpose. 

fig. 4. Schismatic for feeding 
video and audio signals to the 
transmitter. With recorder or 
camera level preset, video and 
audio input can be switched 
without changing transmitter au-
dio gain control. 

INPUT FROM 
C4MERA Off 
RECOROBt 

M 
23k 

m 

2 , 
TPAHSUTTTtR 
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probably the most commonly constructed 
camera to date and gives very good results. 

As originally described, the camera uses a 
special slow-scan vidicon, which is no long-
er available on the gratis basis described in 
the original articles. To get around this prob-
lem, many amateurs have experimented with 
standard vidicons. The procedure described 
by Taggart8 requires no modifications of the 
original circuit, while that of Hutton" in-
volves changes in the vidicon and video am-
plifier circuits. My camera (in the photo) 

Slow-scan tv equipment used by W4UMF includes 
the hybrid monitor to the left and the transistorized 
vidicon camera in the center. 

The transmitter audio gain control is set 
with the microphone at your normal speak-
ing level. Willi the recorder or camera feed-
ing J1 at some preset level, S i is placed in 
the slow-scan position, and R1 is adjusted 
for the same level as when the microphone 
was used. If no changes are made in the re-
corder or camera level, you can then switch 
back and forth between voice and picture 
with no changes in the transmitter gain con-
trol. During the first few attempts at trans-
mitting sstv, it is best to keep an eye on the 
final amplifier plate current. The constant 
amplitude of the fm subcarrier runs the final 
at a pretty stiff duty cycle, and a blower or 
slightly reduced power level may be re-
quired if the final tubes are gassy or the 
transmission line standing wave ratio is high. 

sampling techniques* 
Many amateurs engaged in sstv formerly 

experimented with wideband tv on the 432 
MHz band, so they already had vidicon cam-

•Tliis material on sampling techniques was originally 
presented to the FCC in n sstv progress report, "Slow-
Scan Television Activity in the Alexandria, Virginia. 
Area," 27 September, 1960, by T. |. Cohen, W4UMF, 
D. Harmon, W4CCG, and D. Veazey, VV4ABY. 
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er.is which produced standard non-interlaced 
pictures suitable for conventional television 
receivers. If they could use these cameras 
in a slow-scan system it would provide an 
economical and versatile approach to sstv. 
Indeed, the following idea was quick to 
take form: if some way could be found to 
sample different portions of successive fast-
scan pictures, the conventional video sources 
already available could be used as part of a 
slow-scan camera. 

The first amateur slow-scan sampling sys-

Don Miller, W9NTP, is wall equipped for sstv work. 
Equipment includes the sampling slow-scan camera 
to the left, tho shuttered camera, upper right, and 
both slow and fast-scan monitors. 

the same basic principle as Miller's camera: 
different portions of successive fasl-scan 
pictures are sampled to produce a slow-
scan frame. 

Sampling-type sstv cameras are now used 
by at least three amateurs (WB6ZYE, W9NTP 
and VE3EGO), and construction is contem-
plated by more. With the growing interest 
in sampling systems, the need arises for a 
brief, but lucid, review of sampling tech-
niques. 

The block diagram for a sampling-type 
slow-scan camera is shown in fig. 5. A 
conventional fast-scan camera (with a fast-
scan vidicon) is used as a video source. 
However, as seen in fig. 5 a line-locked 
15 Hz sawtooth waveform is generated in 
the system and imposed on the vertical de-
flection coils of the vidicon yoke (the 15 Hz 
oscillator also generates the slow-scan line 
sync and blanking pulses). The fast-scan 
video output now has a frame frequency of 
15 Hz; the line frequency remains unchanged 
at 15,750 Hz. 

The modified fast-scan video is fed to 
the sampler circuit which acts as an elec-
tronic gate, "opening" and consequently 
"sampling" the video at limes dictated by 
the output of the Schmidt trigger sliding-
pulse generator. This sliding-pulse genera-

lem was designed and built by Don Miller, 
W9NTP, in 1966-1967. This system, which 
used a vidicon camera as a video source, 
sampled 120 successive fast-scan pictures 
to produce one slow-scan frame. The sam-
pled pictures, which were first aired on the 
Navy MARS sstv net in 1967, were judged to 
be as good as those produced by sstv 
cameras using special slow-scan vidicons7. 
Miller's circuit design was made available to 
the amateur community in late 1967; we 
built and operated a system based on this 
design in early 1968. Complete circuit de-
tails for Miller's sampling camera have been 
published by CQ.!,.«» 

Recently, Walson and Home11 described 
a slow-scan sampling camera designed by 
the Research and Developments Labs, 
Northern Electric Co., Ltd. (Canada). Though 
little is known of this system, it works on 

Sampling camera built by W9NTP. The upper level 
houses a P7 monitor for both fast-scan and sampled 
slow-scan tv; the lower level is a fast-scan camera 
with a sampling circuit to provide slow-scan output. 
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tor is driven by an 8-second ramp waveform 
and the 15,750 Hz pulses from the fast-scan 
camera. The resultant output of the Schmidt 
trigger is a sliding pulse which moves with 
an 8-second period and has a 15,750 Hz 
rate. 

Once sampled, the video appears as a 
series of spikes, with the amplitude of each 
spike equal to the amplitude of the fast-scan 
video signal at the instant the gate was 
opened. These pulses are very short in 
duration, however, and thus it is necessary 

tures are shown diagramatically in fig. 6. 
The sampling action starts in the upper left 
corner of the fast-scan picture. Every 
1/15,750th of a second, roughly, a video 
sample is taken, the effect being to sweep 
the image downward and to the right (re-
member, the sampling pulse is sliding in 
time). Since the vertical frame rate is 15 
Hz, 1050 samples are taken before the 
sampling pulse returns to the top of the 
picture. Each return is slightly to the right 
of the previous scan, and in this way, the 

6 mate 
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fig. 5. Block diagram of a sampling-typo slow-scan television camera. 

to "hold" a given sample at its peak ampli-
tude until the next spike appears. The hold-
ing circuit performs this function, and its 
output, the "staircased" video, is amplified 
and fed to the multivibrator. Slow-scan hor-
izontal and vertical sync pulses are also fed 
to the multivibrator, and together with the 
video input, a composite slow-scan signal is 
generated with the following characteristics: 

1200 Hz Sync 
1500 Hz Black 
2300 Hz White 

Cray levels generate signals between 1500 
and 2300 Hz. 

Let's examine the sampling method in 
detail. Fast-scan and sampled slow-scan pic-

entire fast-scan picture is eventually sam-
pled. With a vertical frame rate of 15 Hz 
and a sampling pulse which slides with a 
period of 8 seconds, the sampled slow-scan 
picture consists of 120 lines and is made 
up of successive portions of 120 fast-scan 
frames. 

When the slow-scan picture is displayed, 
the 15 Hz frequency is now the line fre-
quency and the vertical frame period is 8 
seconds. This results in a sampled slow-
scan picture which is both rotated and in-
verted. However, this presents no problem. 
For fast-scan cameras with identical vertical 
and horizontal yoke windings, it is only 
necessary to interchange (with a switch) the 
horizontal and vertical deflection leads, and 
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reverse the "new" set of vertical deflection 
leads. 

With this sampling technique a conven-
tional vidicon camera can be used to pro-
duce slow-scan television pictures. Though 
the subject to be televised must be held 
fixed for the entire 8-second sampling pe-
riod the slow-scan pictures produced by a 
sampling system are of comparable quality 
to the excellent images produced by cam-
eras using slow-scan vidicons (e.g. the 
Wl-7290). The fact that the sampler camera 
uses a fast-scan vidicon and can be tuned 

on the field-sequentional system for trans-
mitting color television pictures. This system, 
developed by Dr. Peter Goldmark of CBS 
Labs, and used for the first color tv broadcast 
in 1940, was rejected by the FCC for the 
United States standard. However, simplicity 
of the system (it requires only one-third the 
components required by a conventional color 
tv camera) results in reduced camera size and 
weight and makes it ideal for many medical, 
industrial and space applications. 

In the field-sequentional system of picture 
transmission, a color wheel containing red, 

fig. 6. Fast- and slow-
scan images. 

S4MPLMC METHOD 
- f ISO LINES I 

FAST- SCJ 

up in "real time" are but two of the rea-
sons why sampling systems are becoming so 
popular among sstv enthusiasts. 

slow-scan color tv* 
Recent color transmissions from the Apollo 

spacecraft have once again focused attention 

Solid-state slow-scan sampling camera built by Syd 
Home, VE3EGO, and designed by Doug Watson. 

SLOW-SCAN 
(ROTATED. INVCRTCO IMAGE) 

green and blue filters is spun in front of a 
black-and-white television camera. The re-
sultant black and white pictures, in sequence, 
contain the color information as seen through 
the filters. These black and white pictures are 
called the separation pictures. If the separa-
tion pictures are displayed on a crt and 
viewed through a camera-synced color wheel, 
the persistence of vision of the human eye 
will cause the original picture to be repro-
duced. 

On February 7,1969, Theodore Cohen and 
Wade Tarr succeeded in reproducing the first 
pseudo-field-sequentional color picture trans-
mitted by slow-scan television; color synthesis 
was achieved with subtraclive1 synthesis tech-
niques. Working independently, WB8DQT re-
produced the first additive-synthesis color sstv 
picture on February 13. Further experimenta-
tion by Cohen and Tarr led to a method of sstv 
color transmission which used quick-process-

•Tliis section on slow-scan color Iv was prepared by 
Ralph Taggart, WB8DQT, Theodore J. Cohen, W4UMF 
and Wade L. Tarr. 
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ing Polaroid color film for both the color 
analysis* and color synthesis processes. 

field-sequential color systems 
The field-sequentional method of color 

transmission is shown diagramatically in fig. 
7. The subject to be televised is a black card 
containing three circles—one red, one green, 
and one blue (the additive primary colors). 
These circles are viewed by a black-and-white 
television camera, the light first having passed 
through a spinning color wheel. The wheel 
contains wedges of red, green and blue filters. 
If the color wheel is synced to the black-and-
white camera's frame rate such that successive 
frames are viewed through successive filters, 
the first frame in a three-frame set will con-
tain that color information which passes, say, 
through the red filter. (Note that it is not nec-
essary to synchronize the color wheel to the 
frame rate—it is done here only to simplify 
the explanation of the sequence of events. In 
usual practice the rotation of the color wheel 
is greater than the camera's frame rate.) 

Since a filter passes light of its own color, 
only the light from the red circle will image 
on the camera's pick-up tube. This will be 
televised as a white circle while the other 
circles and the black background will be tele-
vised as black areas. Following in sequence 
will be a frame containing a white circle in 

•In 1861 James Maxwell demonstrated the principles 
of three-color photography. He analyzed a landscape 
through red, green and blue filters, and made three 
black-and-white lantern slides. Then he projected the 
slides through red, green and blue filters and pro-
duced a color picture of the landscape by superim-
posing the three pictures. Producing a color image in 
this way is called additive color synthesis. 
When white-light sources 
are projected through 
red, green and blue fil-
ters, and allowed to over-
lap as shown at the right, 
white is produced where 
all three colors are super-
imposed. There are also 
three other colors pro-
duced; cyan (white light 
minus red), magenta (white light minus green) and 
yellow (white light minus blue). This suggests that 
color synthesis may be performed by subtractive mix-
ing using cyan, magenta and yellow. Subtractive color 
synthesis is the basis of our present color photography 
and color printing processes. 

the green circle's position, and a frame con-
taining a white circle in the blue circle's posi-
tion. The three-frame sequence constitutes a 
color analysis of the color subject. Since color 
analysis information is transmitted in sequen-
tional frames, this system of color transmis-
sion is called the field-sequentional system. 
(The present U.S. color-tv standard uses a 
dot-sequentional system). 

Upon receipt of the black-and-white color-
separation pictures, the images are displayed 
on a conventional cathode-ray tube. However, 
the pictures must be viewed by the human 
observer through another spinning color 
wheel. If the viewing color wheel is synced 

VISUAL EFFECT 

SYNC 

b aw 
CAMERA 

TRANSMISSION OF COLOR SEPARATION PICTURES 
I BLACK AND WHITE 1 

fig. 7. Field-sequential method of color transmission. 

to the color wheel used in the color-analysis 
phase—and they must be synced to reproduce 
the color image—an observer's eye is pre-
sented with the following sequence of color 
pictures: frame 1, red circle on black back-
ground; frame 2, green circle on black back-
ground; frame 3, blue circle on black back-
ground; frame 4, same as frame 1, etc. 

Because of the persistence of vision of the 
human eye, each frame is stored in the eye 
for a fraction of a second, and if the three-
frame sequence is viewed in rapid succession, 
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the observer sees ihe original color picture. 
That is, ihe eye acts as a momentary storage 
device arid integrates the three primary color 
images into a composite color picture. 

At this point, you're probably wondering 
how a color picture is actually transmitted by 
slow-scan television. After all, slow-scan tv 
reads out one frame every 8 seconds, hardly 
short enough for the eye to integrate three 
frames into one color picture. The answer to 
this apparent paradox is that while three sstv 
separation frames arc transmitted in sequence, 
color film—not the eye—is used to synthesize 
(integrate) the pictures. 

Although the first slow-scan color picture 

in a clearly defined sequential fashion. Final-
ly, in the synthesis phase, the original scene 
is reproduced by sequentially viewing the set 
of separation pictures through primary-color 
filters. 

sstv color analysis 
The purpose of the color analysis phase is 

to yield a set of black-and-white separation 
pictures. If the television imaging system has 
a flat spectral response in the visible region, 
separation can be achieved directly by taking 
three successive television pictures of the 
color object through each of the primary-
color filters. Although the imaging systems 

These black-and-white color-separation prints show the red, green and blue (from left to right) components of 
ihe original scene. 

was reproduced using sublractive synthesis, 
later experiments indicated that additive syn-
thesis is more applicable to amateur work. 
Two basic additive synthesis methods have 
been investigated to date. One method re-
quires a darkroom and is rather complex; the 
second method uses direct-wrile techniques, 
and can, with the use of high-speed color 
film, produce color pictures directly off the 
sstv monitor. 

This method of transmitting and receiving 
color pictures can lie broken down into three 
distinct phases; analysis, transmission and 
synthesis. In the analysis phase the original 
color pictuer is viewed sequentially through 
red, green and blue filters; the three black-
and-white separation pictures obtained con-
tain all of the information required to repro-
duce the original scene. In the transmission 
phase the separation pictures are transmitted 

used by amleurs do not have absolute./ rial 
response, flying-spot-scanners using 931A 
photomultiplier tubes and sstv cameras using 
conventional fast-scan vidicons exhibit satis-
factory response characteristics. 

Tor indirect color analysis a camera loaded 
with black-and-white panchromatic film is 
used. Both 35 mm and Polaroid cameras have 
been used for ihis purpose. Again, three sep-
aration pictures must be taken—one each 
through a red, a green and a blue filter. After 
the three black-and-white separation pictures 
have been printed, they may be televised us-
ing any sstv imaging system. The pictures are 
then recorded on magnetic tape for subse-
quent transmission. 

sstv color transmission 
The end result of the analysis phase is a 

recorded tape with ten or more frames each 
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of the red, green, and blue separation pic-
tures (again, these are black and white pic-
tures). Since the sstv sync and video informa-
tion is all within the audio bandpass, the 
pictures may easily be transmitted with an ssb 
transmitter or over telephone lines. Alterna-
tively, the video tape can simply be mailed 
to the station at which the synthesis is to be 
performed. As long as the operator at the re-
ceiving end knows which frames represent 
the red, green and blue separations, it is pos-
sible to synthesize the color picture. Because 
of the many monitor and camera adjustments 
required during synthesis, it is not practical 
to attempt it in real time (e.g., as the pictures 
play out from a ssb transmission). 

sstv color synthesis 
In direct-write synthesis, a 33 mm camera 

loaded with high-speed color film such as 
Ektachrome (ASA 160) is mounted rigidly in 
front of the sstv monitor; a suitable close-up 
lens is used on the camera. The room should 
be dark and if a yellow or orange filter is used 
on the crt face for normal viewing, it should 
be removed. A single "red" frame is exposed 
through the red filter, a "green" frame is ex-
posed through the green filter and a "blue" 
frame is exposed through the blue filter (with-
out advancing the film). The final composite 
picture will be an excellent rendition of the 
original color object if the procedure was 
done with reasonable care. 

Polaroid Polacolor has been used for di-
rect-write color synthesis, but because of its 
slower speed, a large number of exposures 
must be made through each of the primary-
color filters. Because of sync jitter, however, 
an unavoidable loss of detail results from 
superimposing a large number of sstv pic-
tures. The advantage of Polacolor, of course, 
is the ability to rapidly see the results. 

summary 
This, in very short form, is the story on 

slow-scan tv, one of the more challenging 
areas in amateur radio today. Even if you 

never decide to try it, you will know what's 
going on when you run into it on the ama-
teur bands. Interested amateurs are invited 
to check into the slow-scan net (14230 kHz, 
1900 gmt on Saturdays), or you can just listen 
in to hear what it sounds like. Don't hesitate 
to make tape recordings, for all slow-scan 
stations are interested in how their pictures 
look and will provide comments and some-
times photos of the picture readouts if you 
send them the tape. Three and three-quarter 
ips is the speed most commonly in use for 
tapes, and most stations can handle this 
speed. Finally, don't hesitate to write if you 
have questions or problems. Slow scanners 
are a friendly bunch and welcome all inter-
ested parties. Join the fun, and see what the 
fellow at the other end looks like for a 
change! 
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notes on 
directional 

swr indicators 

Much has been written on the subject of 
reflectometers (sometimes called directional 
watt or power meters, relative power meters, 
etc.) yet considerable misunderstanding of 
these basically simple devices still seems 
to exist; fallacies are often overheard on 
the air and even seen in print. I hope the 
following notes will help to clear up the 
more common misconceptions. 

some basic facts 
All directional instruments, from the least 

expensive relative-reading units to the most 
costly absolute meters, have one fact in 
common: both forward and reverse powers 
are measured, and the combination is used 
to determine the standing-wave ratio. Each 
instrument is set up for a particular resis-
tance, which is often erroneously called 
impedance. Any swr indicated by (or cal-
culated from) the meter readings is a meas-
ure of the impedance present at the output 
terminal of the instrument relative to its de-
sign resistance. Note that the impedance of 
the power source on the input side of the 
meter has absolutely no bearing on the 
measurement. 

If you put a 100- or a 25-ohm resistor 
across the output terminals of your 50-ohm 
swr meter, it will indicate 2:1. However, 
there are an infinite number of resistance-
capacitance and resistance-inductance com-
binations which also produce an indication 
of 2:1. The standing-wave ratio is not a 
measure of the nature or magnitude of the 
impedance, but rather of the quality of the 
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match to its design value—or the severity 
of the mismatch. 

transmission-line impedance 
The most common use of a reflectometer 

is to determine the swr of an rf transmission 
line. However, you can get meaningful re-
sults only when the characteristic impedance 
of the cable is the same design resistance 
of the reflectometer. When the characteristic 
impedance of the line is the same as the 
design resistance of the reflectometer, the 
swr indication will be the same wherever 
the reflectometer is placed in the transmis-
sion line as long as line loss is negligible. 
This is usually the case on the high-
frequency bands with modern coax. When 
coaxial cable loss is not small, the swr in-
dication will increase steadily as you move 
the instrument closer to the antenna. 

If you must use your 50-ohm instrument 
in, say, a 90-ohm system, and you get a 
reading between 1.6 and 2.0, add a quarter 
wavelength of transmission line. If the read-
ing does not change much, the actual swr 
is near unity. 

For widely different indications the exact 
cable length has to be known or a large 
number of readings taken with different 
line lengths temporarily inserted to permit 
calculations of the true swr. When the in-
strument is moved toward the antenna in 
a line whose impedance differs from the 
instrument design value, the indications will 
change up and down although the true swr 
is the same at all points. This can be veri-
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fied by laborious computations or with an 
instrument designed for the particular cable 
impedance. 

effect of power level 
With the simpler types of reflectometers 

it is quite common to observe a lower swr 
with low power than with high power. Also, 
this effect is usually more pronounced at 
the lower frequencies where the meter is 
least sensitive. This is because the solid-
state diodes which convert sampled rf volt-
ages to dc to operate the meter exhibit 
a threshold effect: they require a minimum 
signal before rectification can take place. 

This fixed threshold level is insignificant 
for the rf voltages used for measuring for-
ward power, but it can result in erroneous 
reverse readings at low power levels. In 
fact, the results will be most nearly correct 
for high power levels. Unfortunately, this 
goes against the usual advice of using min-
imum power when tuning up antennas. 

In the more costly instruments, sensi-
tivity does not change with frequency, and 
the meter scale can be calibrated directly 
in watts. With these instruments it is pos-
sible to partially compensate for' diode 
threshold by increasing the sensitivity of the 
reverse power indications over the corre-
sponding forward power ones. Each com-
pensation is correct for only one exact re-
verse power level (or swr value with one 
particular forward power), but it is a fair 
compromise for other levels and a lot better 
than no compensation at all. 

As the designer of Comdel's DW15S0 
directional wattmeter I found no need for 
compensation above 50 watts forward pow-
er. I chose an swr of 2:1 with a forward 
power of 15 watts (full scale of lowest 
range) as the point of exact compensation. 
For swr measurements with forward powers 
between 15 and 150 watts (full scale of the 
next higher range), the effect of the com-
pensation is reduced automatically by the 
variable resistor which is used to set the 
meter needle to full scale. 

There is an amusing side effect to this 
method of compensation. When a drastic 
mismatch occurs, such as an open feeder— 
hopefully at low power—the reflected power 

indication with its increased sensitivity will 
be larger than the forward reading. In other 
words, the instrument is overcompensated 
since the reverse power is much higher 
than the value of exact compensation. This 
peculiarity is of little practical consequence 
since in reality reverse power can obviously 
never exceed the forward power. 

using the instrument 
Most reflectometers absorb insignificant 

amounts of power and may be permanently 
left in the line unless the swr is exceptional-
ly high. All instruments dissipate a small 
amount of power and may be subjected to 
damaging high voltages when using a full 
kilowatt input with a high standing-wave 
ratio. Manufacturers' data sheets seem to 
ignore this point; if you are in the habit of 
using high power with an swr greater than 
3:1 you should ask the maker of your instru-
ment for advice.* 

When a directional instrument is per-
manently installed in the feedline, it makes 
a very useful monitor as well as a trans-
mitter tuning aid. With an inexpensive rel-
ative-power indicator the sensitivity is dif-
ferent for each band, but a pointed knob 
on the sensitivity control with a mark for 
each band on the panel will overcome 
this effect. Absolute-reading instruments are 
more convenient, but they are at least four 
times as costly. 

I invariably tune up my linear amplifier 
by forward power indication; an occasional 
check of plate current always shows it to be 
at or very near its proper value. On a few 
occasions in the wintertime, my swr meter 
has prevented possible damage to the linear 
in the early morning hours when it gave 
abnormal indications due to antenna icing. 

When you are adjusting the matching of a 
new antenna, and you are sure of the quality 
and impedance of the feedline, the reflecto-

*The Comdel DW1550 will stand a 4:1 swr at 1.5 kW 
forward power continuously and higher values inter-
mittently. The Collins 302 C3 wattmeter (and watt-
meter in the 312B4) wil l stand 2 kW continuously at 
any swr. The Drake W4 and WV4 are limited by the 
full-scale reading of the meter movement. That is, the 
sum of the forward and reflected powers should not 
exceed 2000 watts; for 1500 watts input this occurs at 
an swr of 3:1. 
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meter may be located anywhere in the line. 
If you are not certain of your cable or are 
using a temporary one with a different im-
pedance, then put the instrument right at 
the antenna. If this is impossible use an 
exact multiple of an electrical half wave-
length between the antenna and meter. 

When checking the load impedance seen 
by the transmitter, the reflectometer belongs 
right at the transmitter's output socket. 
Usually the swr will be the same at any 
other point in the outgoing rf cable, but 
if you have an external low-pass filter for 
tvi elimination as I do you may be in for 
some surprises on your highest frequency. 
This is because the more simple filter 
types show wide impedance variations near 
the cutoff frequency. 

When building my 10- and 15-meter 
three-element quad, I observed the follow-
ing readings at 29 MHz: 1.5:1 at antenna, 
1.4:1 at the bottom of 100 foot RG-8/U 
cable, and 2.1 at the transmitter ahead of 
the low-pass filter. At 21.3 MHz the swr 
was essentially 1.2:1 at the same three 
points. As long as transmitter tuning and 
loading adjustments can deal with the in-
creased swr caused by the low-pass filter, the 
impedance change is of no practical im-
portance. 

Antenna-tuning units are often used for 
resonating wire radiators or tuned feeders. 
In this case, the swr indicator belongs be-
tween the transmitter and the antenna-tun-
ing unit so it can be adjusted to present 
the proper load to the transmitter. This can 
bring about a potentially dangerous condi-
tion. If the tuning is done for minimum swr, 
then the tuning unit may be mistuned so far 
that little power is transferred to the antenna. 
The same possibility holds when adjusting 
for maximum forward power. Only frequent 
checks of both will insure proper adjust-
ment. Reflectometers with two separate me-
ters are very helpful in this regard, as are 
instruments which can indicate a combina-
tion of forward and reflected powers. 

I hope that this article will dispel some 
of the apparent mysteries surrounding direc-
tional instruments and will lead to their 
better utilization and understanding. 

ham radio 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back / 
Now RCA Institutes Home Study Training has the 
F C C License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the F C C License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course is primarily 
for Commercial License qualifications. But it 
does cover some of the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your F C C License. 

RCA INSTITUTES, INC.R. 
Dept. HR-D9 
320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. | 

Name _ 

Address-

City -State-

december 1969 g g 67 



meet the neat 
mnemonic 

Don't let 

the amateur exams 

get you down -

try these 

memory joggers 

for the basics 

There are a few individuals among us who are 

blessed with near-total recall. No event, num-
ber, face, name or whatever, seems to elude 
them. If you happen to be one of these for-
tunate people, this article isn't for you. But 
if you're like ! am, then you need some kind 
of crutch to help you remember abstruse 
information which is absolutely essential in 
accomplishing a specific objective. The ob-
jective in this case is passing the amateur 
written examinations. 

An interesting thing about memory is its 
specialization aspect. You might remember 
certain kinds of information extremely well 
and other kinds poorly or not at all. The trick 
to increasing your memory efficiency is to 
devise some method of coding the informa-
tion you have trouble recalling in terms of 
information you can remember well. Such 
a device is called a mnemonic (pronounced 
with silent "m"). It is used by logicians, 
mathematicians, psychologists—even by digi-
tal computers. 
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There's a subtle trap lurking in mnemonic 
systems, though. When used in limited fields 
of high specialization they are quite useful. 
However, if applied to generalized situations, 
mnemonic coding tends to fall apart because 
of its unavoidable complexity and ambigui-
ties. As a matter of fact, it's possible to devise 
mnemonics so far fetched as to defeat their 
very purpose: you can get to a point where 
you can't even remember the mnemonic 
for the mnemonic you're trying to remember 
(a bad joke, but my own). Used with care 
and a little thought, however, the system 
does work for special cases. 

Consider now the newcomer to amateur 
radio. How can he possibly remember the 
deluge of equations, rules, concepts, and 
relationships required to pass the amateur 
written test? "Study," you say, and right you 
arel But how about helping him over the 
rough spots—at least until he gets to the 
point where, finally, the light begins to dawn? 

I recall when I was first exposed to the 
mysteries of radio theory. (We didn't call it 
electronics in those days.) I took one look at 
the equation for resonance in a tuned circuit 
and thought, how am I ever going to remem-
ber this stuff? Then I flipped over a few more 
pages in the book and saw the equation for 
a damped wave (that's what comes out of a 
spark transmitter, youngster). I shuddered, 
buried the book under a stack of Captain 
Billy's Whiz Bangs and old Liberty magazines, 
then took off to see my old pal Ed, W6NHZ. 

Ed was really a very astute fellow. After I 
explained my problem, he came up with 
some real help—in the form of mnemonics; 
only he didn't call it that. I doubt if the word 
was even in existence then. Anyway Ed 
said, "For openers let's look at Ohm's law for 
dc. The law was invented by George Ohm 
sometime in the early 1800's. If you can 
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remember this basic equation you can solve 
almost any problem involving dc circuits. 
But don't ask me why old George assigned 
the symbol T instead of ' C to represent 
current. Possibly he did it to avoid confusion 
with capacitance, whose symbol is C." 

I said, "Well, the symbols for voltage and 
resistance I can understand, because E repre-
sents electromotive force, and R is obviously 
for resistance. But why 'I' for current?" 

Then Ed said, "I really have no idea. Maybe 
George had trouble remembering the equa-
tion himself. For one thing, you'll notice 
that E, I and R are in alphabetical order. 
Perhaps he chose this sequence of symbols 
in an attempt at helping to remember 
their relationship." 

I said, "Okay. All this is fine, but mean-
while I gotta memorize all this junk so I 
can learn why. Incidentally, why does E = IR 
anyway?" 

Ed said, "Because it's the law, boy. Don't 
you obey the law?" 

1 said, "Sure, but how am I going to obey 
it if I can't remember whether E = IR, or 
I = RE, or R— El?" 

And now we come to the crux of the 
whole story. 

"Okay," Ed said, "If you don't like E = fR, 
how about temporarily changing I to A (for 

ampere)? If you can't remember E = AR then 
you may as well give up. E = A R . . . get 
it? EAR? Them big flappy milk-wagon doors 
you hear with, old buddy." 

Then I said, "Yeah, yeah—I get it! In order 
to hear it with my ear, it's got to be changed 
to dc, right?" 

I won't repeat here what Ed's reply was, 
but he got his point across, and for that I'll 
be eternally grateful. 

So I went home and stared long and hard 
at all the equations, symbols, and other odd-
ments that make up the basics of our hobby. 
I then devised a set of coded symbols to help 
me remember the necessities. 

Some of the more basic mnemonics are 
listed below with their symbolic derivations. 
The list is by no means complete because 
of space limitations. However, enough mate-
rial is included to get you started; then you 
can invent your own. I've also added some 
material on transistors to keep up with the 
changing world. 

My mnemonic symbols suit me just fine, 
because they're personalized. Perhaps you 
have better ideas to adapt the mnemonics 
to your particular requirements. In any event, 
if I've provided no more than the initial 
push to help a new amateur get started, then 
this piece will have served its purpose. 

problem 

t. Phase relationship be-
tween E and I 

2. General equation for im 
pedance 

mnemonic 

E is the reference. Across 
a pure inductance E leads 
I; across a pure capaci-
tance E lags I. For X L and 
X 0 think: " + X L e a d s and 

^comes after." 

It's assumed you know Z 
contains R, X L , and X c . Im-
pedance equals the square 
root of R squared plus the 
net reactance squared. 
Think: "Square Root of R 
squared plus (reactance) 
squared." From problem 1, 
+ X L leads; X c comes after. 
This takes care of the sec-
ond term under radical. 
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3. Impedance ratio of trans-
r« former windings 

parallel and series elements 

1. Combination of induct-
<-r= + r A + r23" + z~3 ances in parallel. 

It' ± + -U — 
L, Ln 

2. Combination of induct-
ances in series 

3. Capacitors in parallel 
Cy- -f-Ca^; 

Cy = Cj + Cg+— Cp 

f t fe fo 4. Capacitors in series 
It— 

Ct ' ± + ±+....+JL 
Ci Ci Cn 

-€5 -€5 
PNP NPN 

PNP NPN 

transistors 

1. D i r e c t i o n of e m i t t e r 
arrow 

2. Element names 

PNP NPN 

3. Emitter and collector 
polarities with respect 
to the base 

The transformer primary is 
the reference. The symbol 
resembles the equation. Let 
the equal sign represent 
the transformer core. 

Inductance and the numer-
al are the reference for 
parallel elements. The sym-
bol resembles the equa-
tion. Think: "One over one 
over one Lth, plus one over 
one Lth, plus . . . " 

The symbol resembles the 
equation. Think: "String of 
coils, Lj plus Lo plus . . . " 

This is the exact opposite 
of the symbol/equation re-
lationship of the reference 
mnemonic (inductance). 

Same rationale as in prob-
lem 3 

The transistor base is the 
reference. For PNP, think: 
" A r r o w P o i n t s t o w a r d 
base:" P NP. For NPN, 
think: "Arrow does Not 
Point toward base:" N PN. 

The emitter is the refer-
ence. Think: "Arrow emits" 
current from, or toward, 
the base. The other ele-
ments are then obvious by 
deduction. 

The polarities must be op-
posite. The emitter is the 
reference. For PNP, think: 
"Emi t t e r Pos i t i ve . " For 
NPN, think: "Emitter Nega-
tive." By deduction, the 
other polarities are ob-
vious. 
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photographic illustrations 
for 

amateur radio 
magazines 

Try these suggestions 

when preparing photos 

to go along 

with your manuscript 
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The mass circulation, high quality maga-
zines published in this country use photo-
graphic illustrations in great quantity. These 
photographs, especially product illustrations, 
are made by skilled professional photogra-
phers who work from layouts supplied by ad-
vertising agencies, the magazines, or the 
client advertisers. It is customary to ship 
the products to be photographed, at consid-
erable expense, to the photographic studio 
chosen for this work. The photographer's fee 
is usually quite high. The manufacturer of 
the product pays for magazine space, agency 
fees, photographs, etc. 

The amateur radio magazine editor's sit-
uation is different. He depends, in most 
cases, on the authors of technical articles for 
photographs to illustrate the subjects. Most 
of us have noticed otherwise excellent ar-
ticles in some amateur radio magazines ac-
companied by mediocre photographs. The 
editor often has no choice but to accept the 
photos furnished by the author. He has dead-
lines to meet, space and layout problems, 
and must also be very cost conscious. The 
purpose of this article is to aid the amateur 
photographer in making photographs of ac-
ceptable quality for publication, using his 
own photographic equipment, and without 
the use of elaborate lighting setups. 

It is of course impractical, due to space 
limitations, to delve deeply into the techni-
cal aspects of photography in an article such 
as this. Many different types of cameras are 
owned by amateurs. It is quite obvious that 
a view camera is ideal for illustrative photog-
raphy. This type of camera makes possible 
such things as perspective correction, image 
size control, maximum control of depth of 
field, etc. It is also true, however, that few 
hams own this type of equipment. If you do, 
by all means use it. Regardless of equipment 
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or technique, photographs for publication 

must meet certain minimum standards: 

1. They must be sharp. A blurred or out-of-
focus photograph cannot be improved 
in the making of the halftone negative for 
the printing plate. 

2. They should be on glossy paper, with a 
uniform gloss over the entire print. Mat-
te-finish prints or color prints should not 
be submitted. 

3. They should have a normal range of con-
trast—the lightest and darkest areas of 
the print should show good detail. if this 
guideline is followed, a slightly "flat" 
print, or one with excessive contrast, can 
be corrected in the plate-making process. 

4. The print should be somewhat larger 
than the illustration will appear in the 
magazine. About 5x7 inches is a good 
size, but smaller sizes can sometimes be 
used. 

5. Underchassis or other views showing 
component placement and wiring should 
be lighted so that confusing shadows are 
eliminated. 

6. Perspective distortion should be mini-

mized. For example, a high-angle shot of 

a unit's front panel, made with a stan-

dard camera, will cause the bottom of the 
panel to appear narrower than the top. 
This effect is due to a diminishing per-
spective of the vertical lines, sometimes 
called "fceystoning." 

W e will cover briefly some of the more im-
portant aspects of photo illustration includ-
ing background, lighting, equipment and 
film. 

background 
The background against which a unit is 

photographed is of prime importance. The 

background most favored by professionals is 

white, seamless, heavy paper, available at 

photo supply or display supply stores. 1 

normally use rolls of paper 9 feet wide and 

fig. 1. In photo A. bolow, the vortical part of the 
background is reflected on the top o! the transmitter 
cabinet; the dark cloth In photo B, to the right, 
eliminates the reflection. 

10 yards long. However, some display stores 
stock 28x44-inch sheets of the same material 
which is more practical for the occasional 
user. For photographing a light colored chas-
sis or other object, a somewhat darker back-
ground should be used. For some subjects, a 

The author has been a professional photographer (or 

many years. To lend authenticity to the methods de-

tailed in the article, all photographs were made under 

the same conditions that might be found in the homes 

of amateurs who have an interest in photography. 

Commercial studio facilities were not used, and all 

film developing and printing was done by a custom 

photolinisher, as suggested in the article, editor 
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black background is ideal. The background 
should be large enough to extend well be-
yond the subject on all sides so that the edi-
tor can crop the picture to fit his format. 
When positioning a unit on a white back-
ground, first wipe (he rubber feet with a 
damp cloth, followed by a dry one, to pre-
vent "footprints" on the background. 

It will be found that the vertical portion 
of a white background behind an equipment 
cabinet will sometimes cause an undesirable 
reflection in the cabinet top. This is illus-
trated in fig. 1A. A dark cloth, hung on the 
background so that its bottom edge is just 
outside the picture area, as shown in fig. IB, 
will eliminate this reflection. This is a pur-
posely exaggerated example but serves to il-

fig. 2. In this view-camera shot (right), all 
three planes of the unit are shown in correct 
perspective. The set-up is shown fixed photo-
floods provide lighting. 

lustrate the point. The cloth must be cropped 
out in the published picture, so make sure it 
doesn't take up too much of the background. 

lighting 
Photoflood lamps in reflectors are the best 

all-around light source. Reflector-floods 
(lamps with built-in reflectors) are satisfac-
tory. Floodlamps make it possible to study 
the lighting before exposures are made, 
thereby avoiding specular highlights (hot 

spots) on reflective surfaces. Ideally, a high 
wattage spotlight would be used as a key 
light and floods would then be used as fill-
lights. A study of advertising photos will re-
veal this widely used technique. However, 

this equipment is not available to the aver-
age ham so a good rule to follow when using 
floods is to use the minimum number neces-
sary to do the job. This will minimize mul-
tiple shadows from knobs and other pro-
truding parts of the unit being photo-
graphed. Refer to fig. 2 for a photo made 
with a 4x5 view camera. The simple lighting 
set-up is also illustrated in fig. 2. Cam-
era "swings" and "tilts" have been used to 
eliminate perspective distortion. 

If photofloods are not available, a single 
low-wattage lamp can be used to make over-
all views, using the light-painting method 
discussed in "underchassis lighting." 

underchassis lighting 
A good technique for lighting cluttered 

areas to eliminate confusing shadows is to 
"paint" with light. With the camera on a 
tripod, focused, and the chassis properly po-
sitioned, the lens diaphragm is stopped 
down to the smallest opening, usually f.16, 
f.22, or on some cameras, as small as f.45. 
Incidentally, when focusing on a unit which 
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has considerable depth, the correct point on 

which to focus is about one-third of the dis-

tance from the front to the back of the unit. 

This is because the depth of field of a lens 

{the nearest and farthest areas which will be 

fig. 3. Simplest method for "painting with light." 

in sharp focus) increases as the lens is 

stopped down more rapidly on parts of the 

subject which are farthest away and less on 

areas which are closest to the camera. 

Set the shutter to time or bulb. In the lat-

ter case, a locking type cable release will be 

required. A low wattage (about 60 to 100 

watt) lamp in a reflector at the end of an ex-

tension cord is used. If a reflector is not 

available, an 8-inch square of 'A- inch styro-

foam makes a good reflector and eye shield, 

or a piece of white cardboard may be used. 

See fig. 3 for a typical set-up. 

Before opening the shutter, move the light 

to various positions to determine whether 

any areas of the subject have undesir-

able reflections. Avoid these positions of the 

light when making the exposure. Now, open 

the shutter and paint the light on the sub-

ject, using side-to-side, up and down and 

circular motions, keeping the light constant-

ly in motion. Do not allow light to strike the 

camera lens; a lens hood is recommended. 

Room lights should be turned off. 

The exposure time will depend upon lamp 

wattage, film speed and other factors. Typi-

cally, using Plus-X film and a 60-watt lamp, 

an exposure of about 3 to 4 minutes at f.22 

should be about right. Subject brightness, 

lamp-to-subject distance and over-all tech-

nique will introduce some variables. A little 

experimenting will quickly give you the feel 

for this type of lighting. The basic reason 

for painting with light is, of course, to keep 

the shadows of wires and components mov-

fig. 4A. Underchassis view made with fixed lights. 
Not bad, but "painted light" in fig. 4B is lass con-
fusing. 

fig. 4B. Painted with light using a low-wattage bulb 
as discussed in the text. 
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ing so that no shadow will stay in the same 
place long enough to register sharply on the 
film—thus shadowless lighting. A fixed 
photoflood-lighted shot is shown in fig. 4A 
and for comparison, a painted-light photo 
made with a 60 watt lamp, in fig. 4B. 

lighting by bounce flash 
I have "painted" hundreds of commercial 

photographs where cluttered areas dic-
tated such an approach, and this meth-
od is highly satisfactory. Another tech-
nique which gives good results on some sub-
jects is to bounce the light from a flashbulb. 
For example, a chassis standing on edge or 
placed flat on the floor with the camera 
above it can be well lighted by this method. 
A large white card or movie screen posi-
tioned so that the light from a flashbulb can 
be bounced onto the subject will diffuse the 
light and produce a near-shadowless shot of 
the subject. Open-flash technique (open 
shutter, fire bulb, close shutter) is recom-

fig. 5A. Undorchassis shot made with bounce flash. 

mended. Camera diaphragm setting should 
be about two stops larger than if direct flash 
were being used. Direct flash on this type of 
photo is, of course, contraindicated. Mov-
ing the screen to two or more positions and 
bouncing the light from a flashbulb in each 

position will result in more even lighting, 
A bounce-light arrangement is shown in 
fig. SB. The unit shown in fig. 5A was photo-
graphed by bouncing the light from three 
flashbulbs, each with the screen in a differ-
ent position. 

perspective correction 
The transmitter in fig. 2 was photo-

graphed with a 4x5 view camera. The front 

fig. SB. Bounce-flash set-up using a movie screen. 

panel, right side and top are shown in cor-
rect perspectis'e. A lens of 10-inch focal 
length was used. When using fixed lights, an 
exposure meter should be used. A 2'Ax2'/< 
twin-lens-reflex camera with a normal 
(80 mm) lens, and without the swings and 
tilts of a view camera, was used for fig. 6A. 
Perspective distortion is quite evident. This 
set-up is shown in fig. 6B. The improved per-
spective achies'ed, using the same camera, 
by shooting from a lower angle (keeping the 
film plane of the camera parallel to the trans-
mitter's front panel) and from a greater dis-
tance, is shown in fig. 7A; fig. 7B shows the 
camera position. Thus, it is better to back up 
far enough to minimize perspective distor-
tion and then make an enlargement to the 
desired size. 

foreshortening 
In addition lo perspective distortion, an-

other undesirable effect that results from 
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too-close use of cameras with standard focal 
length non-interchangeable lenses is fore-
shortening. This simply means that the part 
of the subject nearest the lens will be dispro-
portionately large when compared with areas 
of the same subject which are farther from 
the lens. Example: portraits made too close 
to the subject will result in noses too large 
and ears apparently set too far back. Fore-
shortening and front-to-back keystoning are 

(see fig. 10B) with the greatly improved re-
sults seen in fig. 10A. The image size on the 
film was as large as that obtained with the 
50 mm lens close up in a close-up position. 

some notes on equipment 
Many amateurs own 35 mm cameras. Good 

quality photographs from the small nega-
tives produced by these cameras are more 
difficult to make than those from larger 

evident in fig. 8. This shot was made with a 
35 mm camera using a 50 mm lens. The same 
set-up was used for the perspective view in 
fig. 9A. Distortion is very noticeable. Cam-
era position is shown in fig. 9B. Changing to 
a 105 mm telephoto lens, the camera was 
moved back to more than twice the distance 

sizes, such as 2V4X2V4, 4x5, etc. However, 
by using fine-grain film, properly fine-grain 
developed and printed, high quality photo-
graphs can be made. It is interesting to note 
that a good 35 mm camera usually has a 
sharper lens than the larger cameras. The res-
olution of lenses used on larger cameras 

fig. 7A. Made with the same camera as fig. 6A. Im-
proved perspective. Camera lower and camera-to-
subject distance increased. 

fig. 7B. Correct camera position; note that film plane 
is parallel with front panel of equipment. 
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need not be as great, in general, as those 

used on 35 mm. A 4x5 negative need be 

blown up only two diameters for an 8x10 

print, whereas the same size print from a 

35 mm negative requires about seven diame-

ters enlargement. If the 35 mm camera has 

interchangeable lenses, a medium telephoto 

fig. 8. Foreshortening caused by camera being too 
close to subject; knobs appear canted outward and 
downward. 

(100 mm to 135 mm) should be used when 

photographing equipment. I have read arti-

cles which stated, "the longer the lens the 

better". This is not true. A long telephoto 

lens invariably introduces an undesirable 

"telephoto effect" or flattening of the sub-

ject. Also, the depth of field of a medium 

telephoto will be greater at any f stop than 

that of the long telephoto. With any inter-

changeable-lens camera a lens of approxi-

mately twice the focal length of the camera's 

normal lens will yield pleasing results when 

making close-up shots of equipment. 

A comment on print quality: the best 8x10 

prints are made by contact printing 8x10 

negatives. So it follows that one should, 

with any camera normally used by amateurs, 

get the largest negative image size possible 

consistent with good perspective as outlined 

in the foregoing text. This is especially true 

when using 35 mm. 

Another camera in widespread use is the 

Polaroid. These cameras have the advantage 

of letting you see a finished print in sec-

onds. However, most models have some in-

herent disadvantages so that the use of stan-

dard Polaroid cameras to photograph elec-

tronic gear is, in general, not recommended 

One possible exception is the use of a Po-

laroid back on a view camera. 

parallax 
Some cameras have viewfinders which see 

a different field of view than that seen by 

the lens. The difference in these fields of 

view is called parallax. O n distant subjects, 

this is unimportant. In close-up photog-

raphy, compensation must be made. You 

have probably seen photos of people with 

tops of their heads cut off. Someone didn't 

take parallax into account! In close-up work, 

center the unit to be photographed in the 

viewfinder. Then, before shooting, move the 

camera up and possibly sideways, depend-

ing upon the location of the viewfinder, un-

til the lens occupies the same position. 

fig. 9A. Made with a 35 mm camera, 50 mm "nor-
mal" camera. 

fig. 9B. Camera position used (or taking fig. 9A. 
Good image size but the camera is much too close. 
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film and developing 
Mos i camera users probably have a favor-

ite film. For whal it is worth, I have found 

Super Panchro Press Type B to be an excellent 

all-around sheet film for commercial subjects. 

For 35 mm cameras, Plus X is recommended. 

Panatomic X is somewhat finer-grain, but 

Plus X, properly fine-grain developed, 

yields a somewhat more brilliant print with 

no objectionable graininess. For cameras us-

ing 120 film, Professional Plus X is a good 

choice. 

If you don't do your own processing, try 

to avoid using "drugstore" photofinishing. 

This grade of work is generally not suitable 

for good reproduction. Most cities have cus-

tom photofinishers who do high quality work 

fig. 10A. Made with 35 mm camera, 105 mm lens. 
Longer lens provides same image size as fig. 9A, but 
perspective is improved. 

for professionals. Use their services, if pos-
sible; the additional cost is justified. 

summary 
To summarize, if you don't have a view 

camera, shoot as nearly level with the unit 

as possible (film plane parallel with front 

panel) to avoid perspective distortion. Inci-

dentally, some degree of correction of con-

verging lines can be made by tilting the 

easel when enlarging. Dimensions of the 

unit photographed can be indicated in the 

article. A rule may be included in the picture 

if desired, but place it so it can be cropped 

out if the editor doesn't want to use it. Place 

the light or lights so that pleasing illumina-

tion is achieved and hot spots are minimized 

on reflective surfaces. Paint or bounce the 

light into cluttered areas for greater clarity. 

Get far enough from the subject to minimize 

foreshortening. It is much better to have a 

smaller, distortion-free image, which can be 

blown up, than it is to have a larger one 

that overemphasizes areas that are closest to 

the lens. Finally, make sure that the pictures 

you submit are sharp. 

If you write descriptive matter for your 

photos to point out specific areas, do not in 

any case write on the photos. Instead, you 

should: a) write on a separate piece of paper 

and attach it flush with the bottom edge of 

the photo, using cellophane tape as a hinge; 

b) attach a tissue overlay to the print and 

write lightly with a soft pencil to prevent 

fig. 10B. Camera position used for taking fig. 10A. 
Camera is slightly lower and film plane is parallel 
with the front panel. 

scoring the print, or c) send a duplicate print 

on which you have indicated the areas to be 

emphasized. 

Here's a final item often overlooked by 

amateurs who submit photos to editors. 

Your high quality pictures are useless if 

they arrive at the editorial offices bent and 

cracked. Make a sandwich for your photos 

by cutting two pieces, large enough to ex-

tend at least a half-inch beyond the edges 

of your prints, from a corrugated carton. 

Tape the edges of the corrugated board so 

the photos can't shift in handling. Most 

photo supply houses also carry photo mail-

ers which are ideal for the purpose. Happy 

shootingl 

ham radio 
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32S-1 cw modification 

The 32S-1 as originally designed uses a 
2.1-kHz-bandpass mechanical filter cen-
tered on 455 kHz and two bfo crystals, one 
above 455 by 1350 Hz and one 1350 Hz 
below, operating on 456.350 and 453.650 
kHz respectively. 

In cw operation, a tone oscillator at 
1350 Hz is fed through the mike ampli-
fier, balanced modulator and mechanical 
filter to create a cw carrier. The carrier 
is at 455 kHz in the low i-f by virtue of the 
relationship of the bfo crystal frequency 
(456.350 kHz) and the modulating fre-
quency of the tone oscillator (1350 Hz) 
so that 456.350 - 1.350 = 455 kHz. 

The quality and stability of the diodes 
available at the time the 32S-1 was de-
signed and manufactured was far below 
those available today. It is difficult to 
maintain carrier suppression better than 
50 dB over a long length of time with the 
original components and circuitry. However, 
a very easy alternate method of vastly in-
creasing carrier suppression is possible. 

A 457.55 kHz crystal* is stocked for 
those amateurs who operate RTTY using 
a 2125/2975 tone keyer; this places the 
audio response between 1500 and 3600 
Hz. Of specific importance is the fact that 
the crystal is removed from the skirt of 
the mechanical-filter bandpass by 1500 Hz 
rather than the normal 300 Hz, so an ad-
ditional 40 to 50 dB carrier suppression 
is obtained. The 1350 Hz tone oscillator 
no longer puts the "carrier" at 455 kHz, 
and its second harmonic could pass 
through the mechanical filter with little 

tebook 
attenuation. Therefore the tone frequency 
must be raised to, ideally, 2550 Hz 
(457.55-2.550 = 455 kHz). 

Refer to the 32S-1 schematic diagram. 
Locate switch S8F, just below V2B, the 
6U8A bfo tube, and to the right of the tone 
oscillator. The upper sideband crystal, 
Y15, is shown wired to the most clockwise 
position (cw); a jumper goes to the 
adjacent contact, which is the usb wiper, 
and to the tune and lock-key wipers. The 
jumper should be removed so that Y15 is 
connected to the usb wiper only. The 
jumper from the tune and lock-key wipers 
should be connected to the cw wiper. Do 
not solder yet, as the new 457.55 kHz crys-
tal should be connected between the cw 
wiper and pin 3 of V2B (the pin where 
the other crystals are connected). 

To raise the frequency of the tone os-
cillator, C111 should be changed from its 
present value of 430 pF to 220 pF, and 
C110 should be reduced from 390 pF to 
180 pF. The exact frequency of 2550 Hz 
might not be realized but the resultant fre-
quency is sufficiently close to meet re-
quirements. 

Those amateurs who have operated 
modified 32S-1's report that they don't ob-
ject to the higher pitched sidetone, al-
though many use the sidetone from their 
electronic keyer so the frequency differ-
ence is not a consideration. After this 
modification, carrier suppression should be 
on the order of 80 dB. This is sufficient-
ly below the white noise output to be un-
detectable. On-the-air reports have been 
excellent. 

* The 457.55 kHz crystal is available from the Coll ins 
Radio Company, Cedar Rapids, Iowa 52406. Order 
part number 290-8708-000; $5.50 plus sales tax, postage 
and insurance. The price is subject to change at any 
time without prior notice. 
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painless vox keying 
The convenience and speed of vox keying 

is well known by those who have this fea-
ture in their transmitter or transceiver. With 
this method, changing from receive to trans-
mit mode occurs at the first touch of the 
key, which activates the vox circuit nor-
mally used on phone. A recently purchased 
transceiver, while excellent in many other 
respects, didn't have this feature. So I in-
corporated the keying method shown in 
fig. 1 to provide vox keying. It also has 
other possible uses. 

Before using this method with your equip-
ment, you should determine what additional 
modifications are necessary. The following 
conditions must be met. 

1. The speech amplifier must be discon-
nected from the vox input or its power sup-
ply when the transmitter is placed in the cw 
position. 

2. The vox circuit must remain in operation 
with the transmitter in the cw position. 

3. The vox relay must control the same cir-
cuits as the cw operate switch. 

If all these conditions are met, all that's 
necessary is to connect the keyed audio to 
the microphone input, place the operate 
switch in vox position, and go ahead. 

Grid block keying was used in the orig-
inal circuit. A —180 V line was used to cut 
off the driver stage during standby. The —180 

fig. 1. Original vox keying circuit, A, and new circuit, B. 

ORIGINAL KEYING CIRCUIT 

IZBY7A 

BIAS 

BIAS 

V line was shorted directly to ground by 
the key. This made it difficult to use the 
same contacts to operate other circuits. In 
fig. 1, a silicon controlled rectifier replaces the 
key contacts, and a positive-gate turn-on vol-
tage is keyed. This removes the shock haz-
ard and provides a keyed source of low vol-
tage to turn on other circuits. 

The audio oscillator module is a small 
code-practice type available at most amateur 
equipment dealers. The speaker is a tiny 
8-ohm transistor radio replacement. Your 
junk box might provide a phase-shift or 
unijunction oscillator.* However, at the price 
of the code-practice module, constructing 
one would hardly be worth the effort. 

R. J. Beck, VE7IG 

qsl and awards file 

You can easily get old wallpaper sample 
books from stores that sell wallpaper. These 
are bound books with hard covers, large 
enough for awards and certificates or several 
QSL cards. When preparing the book I use, 
I removed every other page, then sprayed 
the covers and page edges with gold paint. 
The certificates and QSL cards can be 
tacked in with one of the plastic adhesives, 
and are easily removed if desired. 

Don Farrell, W2GA 

" E. R. Davisson, K9VXL, "Replace One Unijunction 
Transistor with Two Transistors," ham radio, April 
1968, pp. 58-59. 

NEW KEYING CIRCUIT 

EMO CIRCUIT 

GRID CIRCUIT 

OPERATE SWITCH 

SN4444 (MOTOROLA) 

I°O wv 
OPERATE SWITCH KEYED 

ROVOR INPUT 
o o 
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update your Swan 250 

The new Swan 250C has quite a few im-
provements over the older model 250. These 
include higher gain and better selectivity. 
Strong signals are handled much better by 
the new model. You can improve these 
characteristics in your 250 Model with a 
few simple circuit changes. You can also 
easily install the Swan noise blanker. 

JUMPER 

"added oomponchts 

fig, 2. Circuit changes for higher gain and 

improved selectivity in the Swan 250. 

Fig. 2 shows the circuit modifications. 
Remove the top and bottom covers, and re-
move the 2-inch wire from pin 5 of V7 
(6HA5). Remove resistor R1301 (1 kilohm) 
and capacitor C1301 (.01 MF) from terminal 
"B" of Z1301 balanced modulator trans-
former. Ground terminal "B". Add a single 
tie point near pin 5 of V7 and one near 
terminal " A " of Z1301. Connect a 0.001-MF 
capacitor from one tie point to pin 5 of V7; 
install another 0.001-/*F capacitor from the 
other tie point to the input of the crystal 
filter. Install the slug-tuned coil, the 0.01-MF 
bypass, and 30 kilohm resistor in the plate 
lead of the 6HA5 as shown in the schematic. 

Add a short jumper wire between the two 
new tie points you installed next to V7. If 
you wish to install the Swan noise blanker 
later, you can remove the jumper and put 
the blanker between these two points. When 
all the new parts are installed, align the 

front end and i-f as outlined by the man-
uals, Be sure to carefully peak up the new 
10.7-MHz coil and the slugs in Z1301. 

Harold D. Mohr, K8ZHZ 

miniature sockets 

Many MARS members have been receiving 
miniature vacuum-tube sockets. These sock-
ets have 8 holes with one empty space so 
it's quite evident which contact is number 
1. These sockets are ideal for 6- or 8-pin 
integrated circuits or 6-pin transistors. 

James T. Lawyer 

spot switch for the heathkit 
sixer or twoer 

A momentary pushbutton switch and a 
one-watt, 47k ohm resistor are all that are 
needed to put a spot switch on the sixer 
or twoer. 

The resistor is in series with the switch, 
and they are mounted across the two mid-
dle terminals of the terminal strip behind 
the neon lights. Fig. 3 shows the connec-
tions. 

fig. 3. Spot switch for 
Sixer and Twoer. Push-
button switch and 47k 
resistor are mounted 
across two middle 
terminals of strip be-
hind neon lights. 

This puts about 50 volts on the B + line 
to the driver stages of the transmitter when 
in the receive position. This is enough to 
get a carrier indication. The final doesn't 
draw current, because the cathode is open 
until the transmit switch is operated. 

The resistor drops 210 volts at a measured 
5 mA. The dissipation is one watt. Because 
it's not on for any length of time, I used 
a one-watt resistor without allowing for 
safety factor. 

Edmond DeCloedt, WA6FNR 

84 ( j j j december 1969 



REGUL. PWR SPLY FOR COMMAND, LM, ETC. 
PP-106/U; Metered. Knob-adjustable 90-270 v up to 80 
ma dc; also select an AC of 6.3 v 5A, or 12.6 v 2 1 '2 
A or 28 » 2 1/2 A. With mating output <n c n 
plug & all lech. data. Shpg. wt. 50 lbs. 15J.DU 

BARGAINS WHICH THE ABOVE WILLPOWER: 
I M - C ) Frpq. Meter: .125-20 MHz, .01%, CW or AM, 
with serial-matched calib, book, lech, data, mating plug. 
Checked & grtd. 5 7 . 5 0 
TS-323 Freq, Meter: Similar to above but 20-480 MHz. 
.001%. With data 169 5tS 
A.R.C. R11A: Modern Q-5'er 190-550 KHz . 12.95 
A.R.C. R22: 540-1600 KHz w/tuning graph . 17.95 
A.R.C. R U B : 108-132 MHz w/tuning graph 27.50 

H | . S E N S | T | v | T y u H F R E C E | V E R . 

375-1000 MHz. Stoddart RFI Meter NM-50A with pwr. sply., 
cords, dipole holder, 3 pair dipoles. Input 50 ohms. IF 60 
mhz. Bandwidth 1 mhz at 370 and 1.8 at 1 ghz RF. 
Image & spurious-response reject, better than 40 db. Sensil. 
as a 2-terminal tuned voltmetc-r is 10 uv; will be less with 
1-pair dipole, but you can make an array to bring it up. If 
the voltage-attenuation calib. charts didn't get lost it would 
be worth SI,250 in surplus, $2,852 from the factory . . . 
so we wil l sell it as a simple receiver in grtd- n - t r n n 
sxcel. condition for only Z/3.UU 

R-5951ARR-7AX 
Double-conversion version of the popular R-45; cascodc input 
ckt; 550 khz to 43 mhz. With pwr sply, ready m n HO 
to use, OK grtd ISJU.UU 

R-390 I URR RECEIVER 
Two coming in, checked 100% perfect & grid, i n c n n 
with books. SUBJECT TO PRIOR SALE! Each /33.UU 

Versatile Plate & Filam. Transformer: 
Depot Spares for SP-600-JX: Prl. 9 5 / 1 0 5 / 1 1 7 / 1 3 0 / 
190/210/234/260 v 50/60 hz. Sec. 1: 305-0-305 v, 
150 ma. Sec. 2: 5v, 3A. Sec. 3: 6.3 v, 5 A. 
Sec. 4: 7 1 / 2 v, 3 / 4 A. Sec. 5: 7 1 / 2 v, 1 1 / 4 A. 
legend for pins is plainly marked. Herm. sealed. 2 9 5 

F O W D f A ^ M U T O M P A C T 
Freed 12691: DAS Loran Spares, supplied 5 " CR, 
plates & hlrs. Pri. 105-130v 50/60Hz. See's, insul. 5 kv; 
1490 & 1100 v, 5 ma: 390-0-390 v 100 ma; electrosta-
tically-shielded 6.3 v, 6.8 A; two 2 1 /2 v, 2 A. See's 
insul. 1 1 /2 kv: two 6.3 v, 6 A; 5 v, 3 A; 2 1 /2 v, 
5A. Case 5 1 / 4 x 5 x 7 1/4 . With diagram, „ „ _ 
Shipped only by collect REA Express. Z.5J5 
FAIRCHILD S0UD-STAf i~SCOPES all w/dual-trace plug-
ins 25 & 50 MHz, w/delayed time-base plug. o o c n n 
ins, w/books, overhauled & grid. As low as . 0 / 3 . U U 

Wt PROOABIt HAVE THE Of ST iNVfUTOR* Or C.000 LAB TEST "EQUIPMENT IN 
THE COUNTBT. OUT PIEASE 00 NOT ASK ran CATAIOOI ASK rOH SPECIFIC 
ITEMS OB MNOS OF ITEMS »OU NECOI Wt ALSO 8UTI WHAT 00 10X1 HAVE! 

R. E. GOODHEART CO. INC. 
Bo* 1220-HR, Beverly Hills, Calif. 90213 

Tel : A r e a 213, o f f i ce 272-5707, m e s s a g e s 275-5342 

LIBERTY PAYS MORE!! 
WILL BUY FOR CASH — ALL TYPES 

Electron Tubes * Semiconductors • Test Equipment 
' Military Electronic Equipment 

Wire, write, phone collect! We pay freight on all purchases! 
L I B E R T Y E L E C T R O N I C S , I N C . 

548 B r o a d w a y , N e w Yo rk , N . Y . 10012 
Phone : 212 /925 -6000 

WE PAY CASH FOR TUBES 

LEWISPAUL ELECTRONICS INC. 
303 W. Crescent Avenue 

Allendale, New Jersey 07401 

You can be sure with Barry . . . 
Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Smal l . 

No Quantity too Large. 

Write or Cal l now . . . BARRY, W2LNI 

B A R R Y E L E C T R O N I C S 

512 BROADWAY • NEW YORK, N. Y. 10012 

212 - WA 5-7000 

ALL BAND TRAP ANTENNA ! 
Reduces Interference $ 
Noi*e on AIL Make* Short Wave 
Receiver v Uakr* World W 
Rcccplion Shougftr. Oi'»*-p 

' ' ' j ) i ' ' ' 
For ALL Amateur Tran*-
milter*. Guaranteed for 1000 
WalH Power. Light. Neat. 

Weatherproof. 
'.if'. f«" novice and cla«% radio 

amateufv! Umnr.ilr-i h *»•{•,>'jtn .tnier'H.** twlter prrfnrmrfnce KUdi.inlfttMJ 
KtMlK'iMO <•!»•• liKKH rt.M'fitelt* 10.v If $19.96. I lK ' iMtHO m*i*r tianiK, 
ft. lho*t lor Mrirli) *<>!<• vmmI tee rpimot Jie,'>!». Send only J). 00 <c.i*»v . 
hioi »mtcJ |i»y fjtivliion h.ii.tnc* COO n»«i* |.o\UKf on .irnv.il o> lull i>ru:«» fm 
tK)<U(t.«iri dnlr»R'» Clomulrtir indnilrd' 
WE STURM Cll'CTRONICS Otpt. B12 . Kearney Nebr. 6*g4? 

lit?»JAWIN iiittKWt PSKttf't* 

W A N T E D by F B I 
BENJAMIN HOSKINS PADDOCK, 

, also known as Perry Archer, Ben-
- j a m i n j . Builer, Leo Genstein, Ben-

jamin Hoskins, Jr., Ben H. Paddock, 
Jr., Benjamin Hodgens Paddock, 
Benton Hoskins Paddock, Pat Pad-
dock, Patrick Benjamin Paddock, 
"B ig Daddy," "Chromedomc," "Old 
B a l d y " . FUGIT IVE , ESCAPED 
FEDERAL PRISONER. IDENTIFI-
CATION ORDER NUMBER 4261. 

Benjamin Hoskins Paddock is be-
ing sought by the FBI for viola-
lion of the Escape and Rescue 
Statute. 

On December 31, 1968, Paddock 
escaped from the Federal Correc-
tional Institution at La Tuna, 
Texas. 

A Federal warrant for his arrest was issued on February 
3, 1969, at El Paso, Texas. Paddock lias been arrested 
numerous times for bank robbery. He has been convicted 
of bank robbery, automobile larcceny and confidence game. 

Paddock's personality has been diagnosed as being psy-
chopathic, egotistical and arroganl. He is reputed to be a 
very smooth talker, an avid bridge player, and a slock car 
and baseball enthusiast. Paddock has been employed as an 
automobile mechanic, Electrician, promoter, salesman, serv-
ice station operator, clerk and welder. He was formerly 
licensed as K7JIH and might be known to readers of this 
magazine. Paddock has utilized firearms in the past and 
should be considered extremely dangerous. 
DESCRIPTION OF BENJAMIN HOSKINS PADDOCK 

Born. November 1, 1926, Sheboygan, Wisconsin. Height, 
6 ' 4 " . Weight, 245 pounds. Build, large. Hair, blond, bald-
ing (head may be shaved). Eyes, gray or green. Complexion, 
medium. Race, white. Nationality, American. Scars and 
marks: scar over right eyebrow, vaccination scar upper left 
arm, scar over right knee, birthmark right ankle. Remarks: 
may wear glasses or contact lenses. Social Security Number 
used: 340-18-9361. 

If you know anything about this man contact your local 
FBI office. 
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ham radio 
index to volume H-1969 

This index covers all articles published in 
ham radio during 1969. The articles are 
listed alphabetically under each category 
along with the author, page number and 
month. Categories are: antennas and trans-
mission lines; commercial equipment; con-
struction techniques; fm and repeaters; 
integrated circuits; keying; measurements 
and test equipment; miscellaneous tech-
nical; power supplies; propagation; receiv-
ers and converters; RTTY; semiconductors; 
single sideband; transmitters and power 
amplifiers; and vhf and microwave. Articles 
followed by (HN) appeared in the ham 
notebook. 

antennas and transmission lines 
Antennas and capture area 

(K6MIO) p. 42, Nov. 
Antenna and rotator preventive maintenance 

(WA1ABP) p. 66, Jan. 
Balun, Simpli f ied 

(HN) p. 73, Oct. 
Bobtai l curtain array, forty-meter 

(VE1TG) p. 58, July 
Coaxial cable connectors 

(HN) p. 71, March 
Coaxial feedthrough panel 

(HN) p. 70, Apr i l 
Coax, Low-cost 

(HN) p. 74, Oct. 
Col l inear, six meter 

(K4ERO) p. 59, Nov. 
Converted-vee, 80 and 40 meter 

(W6JKR) p. 18, Dec. 
Cubical quad, Economy six-meter 

(W6DOR) p. 50, Apr i l 
Cubical quad measurements 

(W4YM) p. 42, Jan. 
Dipole antennas on non-harmonic frequencies 

(HN) p. 72, March 
Dipole center insulator 

(HN) p. 69, May 
Dipole, Sloping inverted-vee 

(W6NIF) p. 48, Feb. 
Ground plane, 2-meter, 0.7 wavelength 

(W3WZA) p. 40, March 
High-frequency amateur antennas 

(W2WLR) p. 28, Apri l 
High-frequency diversity antennas 

(W2WLR) p, 28, Oct. 

Loads, Affect of mismatched transmitter 
(W5JJ) p. 60, Sept. 

Log-periodic yagi beam 
(K6RIL, W6SAI) p. 8, July 

Long-wire multiband antenna 
(W3FQJ) p. 28, Nov. 

Measuring antenna gain 
(K6JYO) p. 26, July 

Microwave antenna, Low-cost 
(K6HIJ) p. 52, Nov. 

Mono-loop antenna 
(HN) p. 70, Sept. 

Parabolic reflector, 16-foot homebrew 
(WB6IOM) p. 8, Aug. 

Quad antenna, Multiband 
(DJ4VM) p. 41, Aug. 

Reflectometers 
(K1YZW) p. 65, Dec. 

Stub bandswitched antennas 
(W2EEY) p. 50, July 

Stub-switched, stub-matched antennas 
(W2EEY) p. 34, Jan. 

Switch, antenna for 2M, solid-state 
(K2ZSQ) p. 48, May 

Tower, Wind-protected crank-up 
(HN) p. 74, Oct. 

T-R switch 
(K3KMO) p. 61, Apr i l 

Tuner, Receiver 
(HN) p. 72, March 

Vertical, top-loaded 80 meter 
(VE1TG) p. 48, June 

commercial equipment 
Coll ins 32S1 cw modification 

(HN) p. 82, Dec. 
Col l ins 51J pto restoration 

(W6SAI) p. 36, Dec. 
Heathkit Sixer, spot switch 

(HN) p. 84, Dec. 
Heath HW-100 incremental tuning 

(HN) p. 67, June 
HT-37, Increased sideband suppression 

(W3CM) p. 48, Nov. 
Knight-kit inverter/charger review 

(W1DTY) p. 64, Apri l 
SB301/401, Improved sidetone operation 

(HN) p. 73, Oct. 
SBE linear amplifier t ips 

(HN) p . 71, March 
Signal one review 

(W1NLB) p. 56, May 
Swan 250, update your 

(HN) p. 84, Dec. 
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Swan 350 and 400, RTTY operation 
(HN) p. 67, Aug. 

T150A frequency stabi l i ty 
(HN) p. 70, Apr i l 

construction techniques 
APC tr immer, Adding shaft to 

(HN) p. 68, July 

Center insulator, dipole 
(HN) p. 69, May 

Coaxial cable connectors 
(HN) p. 71, March 

Coax relay coi ls, Another use 
(HN) p, 72, Aug. 

Grounding 
(HN) p. 67, June 

Homebrew art 
(W0PEM) p. 56, June 

Miniature sockets 
(HN) p. 84, Dec. 

Mobi le instal lat ion, Putting together 
( W 0 F C H ) p. 36, Aug. 

Transceiver, single-band 
(W1DTY) p. 8, June 

Transformers, Repairing 
(W6NIF) p. 66, March 

Trimmers 
(HN) p. 76, Nov. 

Underwri ter 's knot 
(HN) p. 69, May 

Vfo, Simple high stabi l i ty 
(W8YFB) p. 14, March 

Watercool ing the 2C39 
(K6MYC) p. 30, June 

Wi r ing and grounding 
(W1EZT) p. 44, June 

fm and repeaters 
Distort ion in fm systems 

(W5JJ) p. 26, Aug. 
Encoder, Combined dig i ta l and burst 

(K8AUH) p. 48, Aug. 
Fm techniques and practices for vhf amateurs 

(W6SAI) p. 8, Sept. 
Identif ier, Programmable repeater 

(W6AYZ) p. 18, Apr i l 
Short c i rcu i t p. 76, July 

Receiver, Modular fm communications 
(K8AUH) p. 32, June 

Repeater, Receiving system degradation 
(K52BA) p. 36, May 

Repeater transmitter, Improving 
(W6GDO) p. 24, Oct . 

Tone encoder and secondary frequency 
osci l lator (HN) p. 66, June 

Calibrator, Frequency-divider using 
mos IC's (W6GXN) p. 30, Aug. 

Cal ibrator, Plug-in frequency 
(K6KA) p. 22, March 

Electronic keyer 
(VE7BFK) p. 32, Nov. 

Low-cost linear IC's 
(WA7KRE) p. 20, Oct . 

Noise blanker 
(W2EEY) p. 52, May 

Operational amplif iers 
(WB2EGZ) p. 6, Nov. 

Receiver, fixed-tuned for WWV 
(W6GXN) p. 24, Nov. 

Receiver, 160-meter 
(W3TNO) p. 6, Dec. 

RTTY converter 
(K9MRL) p. 40, May 
Short c ircui t p. 80, Aug. 

Using integrated circuits 
(HN) p. 69, May 

Using IC's with single-polari ty 
power supplies (W2EEY) p. 35, Sept. 

Vox 
(W2EEY) p. 50, March 

keying 
Electronic keyer, IC 

(VE7BFK) p. 32, Nov. 
Mini-paddle 

(K6RIL) p. 46, Feb. 
Monitor, cw 

(W2EEY) p. 46, Aug. 
Paddle, Homebrew keyer 

(W3NK) p. 43, May 
Remote keying your transmitter 

(HN) p. 74, Oct . 
Vox, IC 

(W2EEY) p. 50, March 
Vox keying 

(HN) p. 83, Dec. 

measurements and test equipment 
Antenna gain, Measuring 

(K6JYO) p. 26, July 
Cal ibrator, Plug-in IC 

(K6KA) p. 22, March 
Cubical quad measurements 

(W4YM) p. 42, Jan. 
Encoder, Combined dig i ta l and burst 

(K8AUH) p. 48, Aug. 
Frequency meter, Crystal control led 

(HN) p. 71, Sept. 
Monitorscope, Miniature 

(WA3F1Y) p. 34, March 
Multi-box 

(HN) p. 68, July 

integrated circuits 
Appl icat ions, Potpourri of 1C 

(W1DTY, Thorpe) p. 8, May 

Osci l loscope cal ibrator 
(HN) p. 69, July 

Osci l loscope, Putting it to work in 
ham gear (Al len) p. 64, Sept. 

Osci l loscope, Troubleshooting amateur 
gear with (Allen) p. 52, Aug. 
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Ref lectometers Signal detect ion and communicat ion 
(K1YZW) p. 65, Dec. in the presence of whi te noise 

Signal generator, Tone modula ted for (WB6IOM) p. 16, Feb. 
two and six meters ( W A 8 0 I K ) p. 54, Nov. Slow-scan te lev is ion 

Tone encoder and secondary f requency (WA2EMC) p. 52, Dec. 
osc i l l a to r (HN) p. 66, June Slow-scan tv camera and monitor 

Trapezoidal moni tor scope (VE3EGO, Watson) p. 38, Ap r i l 
(VE3CUS) p. 22, Dec. Tetrodes, External-anode 

Uhf tuner tester for tv sets (W6SAI) p. 23, June 

(HN) p. 73, Sept. Tuning, Current -cont ro l led 

Vtvm modi f icat ion (K2ZSQ) p. 38, Jan. 

(W6HPH) p. 51, Feb. 

Zener tester, Low-vol tage 
power supplies 
Dual-vol tage power supply 

(HN) 

(HN) p. 72, Nov. power supplies 
Dual-vol tage power supply 

(HN) p. 71, Apr i l 
miscellaneous technical Short c i rcu i t p. 80, Aug. 

Antenna gain. Measuring Knight -k i t power inverter/charger review 

(K6JYO) p. 26, July (W1DTY) p. 64, Ap r i l 

Antennas and capture area Power suppl ies for s ingle sideband 

(K6MIO) p. 42, Nov. (Bel t ) p. 38, Feb. 

Bandpass f i l ters, S ing le-po le Transformers, High-vo l tage, repair ing 

(W6HPH) p. 51, Sept. (W6NIF) p. 66, March 

Bandpass f i l ters, 25 to 2500 MHz 
(K6RIL) p. 46, Sept. 

B lock ing osc i l la to rs propagation 
(W6GXN) p. 45, Apr i l Echoes, Long-delay 

Computers and ham radio (WB6KAP) p. 61, May 
(W5TOM) p. 60, March Ionospher ic E- layer 

Crystal osc i l la to r , Vo l tage-cont ro l led (WB6KAP) p. 58, Aug. 
(WB6IOM) p. 58, Oct . Ionospheric sc ience. Short history of 

Crysta l osc i l l a to rs (WB6KAP) p. 58, June 
(W6GXN) p. 33, July Sunspot numbers 

Fm techniques (WB6KAP) p. 63, July 
(W6SAI) p. 8, Sept. Sunspots and solar act iv i ty 

Frequency synthesis (WB6KAP) p. 60, Jan. 
(WA5SKM) p. 42, Dec. Tropospher ic -duct vhf communicat ions 

Glass semiconductors (WB6KAP) p. 68, Oct . 
(W1EZT) p. 54, July 

Graph ica l network So lu t ions 
receivers and converters (W1NCK, W2CTK) p. 26, Dec. receivers and converters 

Gr idded tubes, Vhf-uhf ef fects Antenna tuner, Min iature receiver 
(W6UOV) p. 8, Jan. (HN) p. 72, March 

Ground ing and wi r ing Cal ibrator , Plug- in f requency 
(W1EZT) p. 44, June (K6KA) p. 22, March 

L ighthouse tubes for uhf Cal ibrator , S imple f requency-d iv ider 
(W6UOV) p. 27, June using mos IC 's (W6GXN) p. 30, Aug. 

Mismatched t ransmit ter loads, A f fec t of Converter, Bandswi tch ing hf, postscr ip t 
(W5JJ) p. 60, Sept. (HN) p. 68, May 

Mnemonics Convert ing a vacuum-tube receiver to 
(W6NIF) p. 69, Dec. so l id-s tate ( W 1 0 0 P ) p. 26, Feb. 

No ise f igure, Meaning of Cw se lect iv i ty w i th crystal bandpassing 
(K6MIO) p. 26, March (W2EEY) p. 52, June 

Operat iona l ampl i f iers Fm communicat ions receiver, Modular 
(WB2EGZ) p. 6, Nov. (K8AUH) p. 32, June 

Photographic I l lust rat ions Fm repeaters, Receiv ing system 
(WA4GNW) p. 72, Dec. degradat ion in (K5ZBA) p. 36, May 

Product detec tor , Hot-carr ier d iode Gonset converter, So l id -s ta te modi f icat ion of 
(VE3GFN) p. 12, Oc t . (Schuler) p. 58, Sept . 

Radio communicat ions l inks No ise blanker, Hot-carr ier d iode 
(W1EZT) p. 44, Oc t . (W4KAE) p. 16, Oc t . 

Safety in the ham shack No ise blanker, IC 
(Darr, James) p. 44, March (W2EEY) p. 52, May 
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Noiso figure, The real meaning of 
(K6MIO) P- 26, March 

Preamplifier, Low-noise high-gain transistor 
(W2EEY) P- 66, Feb. 

Product detector, Hot-carrier diode 
(VE3GFN) p. 12, Oct. 

Q5er, Solid-state 
(W5TKP) P- 20, Aug. 

WWV receiver, Fixed-tuned 
(W6GXN) p. 24, Nov. 

1.9-MHz receiver 
(W3TNO) p. 6, Dec. 

144 MHz converter, Hot-carrier diode 
(K8CJU) p. 6, Oct. 

144 MHz converters, Choosing fets for 
(HN) p. 70, Aug. 

144-MHz preamp, Super 
(HN) p. 72, Oct. 

220-MHz mosfet converter 
(WB2EGZ) p. 28, Jan. 
Short c i rcui t p. 76, July 

432 MHz preamp 
(HN) p. 66, Aug. 

rtty 
RTTY, Introduction to 

(K6JFP) p. 38, June 
RTTY converter, Miniature IC 

(K9MRL) p. 40, May 
Short circuit p, 80, Aug. 

Swan 350 and 400 equipment on RTTY 
(HN) p. 67, Aug. 

semiconductors 
Antenna switch for two meters, Solid-state 

(K2ZSQ) p. 48, May 
Converting a vacuum-tube receiver to 

solid-state (WIOOP) p. 26, Feb. 
Short c i rcui t p. 76, July 

Crystal switching 
(HN) p. 70, March 

Glass semiconductors 
(W1EZT) p. 54, July 

Hot-carrier diode converter 
(K8CJU) p. 6, Oct. 

Mobi le converter, Solid-state modification of 
(Schuler) p. 58, Sept. 

Mosfet transistors 
(HN) p. 72, Aug. 

Q5er, Solid-state 
(W5TKP) p. 20, Aug. 

Receiver, 160-meter 
(W3TNO) p. 6, Dec. 

Transistors for vhf transmitters 
(HN) p. 74, Sept. 

Vfo transistors 
(HN) p. 74, Nov. 

Zener tester, Low-voltage 
(HN) p. 72, Nov. 

single sideband 
Grounded-grid 2 kW PEP amplifier 

(W6SAI) P . 6, Feb. 

Linears, Three bands with two 
(HN) P- 70, Nov. 

Power supplies for ssb 
(Belt) P- 38, Feb. 

Solid-state circuits for ssb 
(Belt) P̂  18, Jan. 

Speech cl ipping 
(K6KA) P- 24, Apri l 

Transceiver, Single-band 
(W1DTY) p. 8, June 

Transmitter alignment 
(Allen) P- 62, Oct. 

Transmitting mixers, 6 and 2 meters 
(K2ISP) P . 8, Apri l 

Trapezoidal monitor scope 
(VE3CUS) P- 22, Dec. 

Tuning up ssb transmitters 
(Allen) P- 62, Nov. 

transmitters and power amplifiers 
ART-13, Modifying for noiseless cw 

(HN) p. 68, Aug. 
Cw transceiver for 40 and 80 meters 

(W3NNL, K 3 0 I 0 ) p. 14, July 
Cw transmitter, Half-watt 

(K0VQY) p. 69, Nov. 
Fm repeater transmitter. Improving 

(W6GDO) p. 24, Oct. 
Grounded-grid 2 kW PEP amplifier 

(W6SAI) p. 6, Feb. 
Linear for 2 meters 

(W4KAE) p. 47, Jan. 
Linears, Three bands with two 

(HN) p. 70, Nov. 
Osci l lators 

(HN) p. 68, Nov. 
Ssb transmitter alignment 

(Allen) p. 62, Oct. 
Transceiver, Single-band ssb 

(W1DTY) p. 8, June 
Transistors for vhf transmitters 

(HN) p. 74, Sept. 
Transmitter, Remote keying 

(HN) p. 74, Oct. 
Transmitter, Universal flea-power 

(K2ZSQ) p. 58, Apri l 
Transmitting mixers for 6 and 2 meters 

(K2ISP) p. 8, Apri l 
Transverter for 6 meters 

(WA9IGU) p. 44, July 
Tuning up ssb transmitters 

(Allen) p. 62, Nov. 
Vfo, High stabil i ty 

(W8YFB) p. 14, March 
Vfo transistors 

(HN) p. 74, Nov. 
Vhf linear, 2 kW, Design data for 

(W6UOV) p. 6, March 
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432-MHz excitor, Solid-stato Signal detection and communication 

( W I O O P ) p. 38, Oct. in the presenco of white noise 

1296 MHz frequency tripler (WB6IOM) p. 16, Feb. 

(K4SUM, W4API) p. 40, Sept. Signal generator for two and six meters 

(WA80 IK ) p. 54, Nov. 

troubleshooting 
Transistors for vhf transmitters 

troubleshooting (HN) p. 74, Sept. 

Analyzing wrong do roltages Vhf boacons 

(Allen) p. 54, Feb. (K6EDX) p. 52, Oct. 

Ohmmotor troubleshooting Vhf linear, 2 kW, Design data for 

(Allen) p. 52, Jan. (W6UOV) p. 7, March 

Oscilloscope, Putting to work 2C39, Water cooling 

(Allen) p. $4, Sept. (K8MYC) p. 30, June 

Oscil loscope, Troubleshooting amateur 50 MHz collinear beam 

gear with (Allen) p. 52, Aug. (K4ER0) p. 59, Nov. 

S s b transmitter alignment 50 MHz cubical quad, Economy 

(Allen) p. 62, Oct. (W6DOR) p. 50, April 

Tuning up ssb transmitters 50 MHz tiansverter 

(Allen) p. 62, Nov. (WA9IGU) p. 44, July 

50 and 144 MHz heterodyne transmitting 

vhf and microwave 
mixers (K2ISP) p. 8, April 

vhf and microwave 144 MHz antenna switch, Solid-state 

p. 8, April 

Bandpass filters, Single-pole (K2ZSQ) p. 48, May 
(W6HPH) p. 51, Sopt. 144 M H z »onvor lo r s , C h o u s i n g lots 

Bandpass filters, 25 to 2500 MHz (HN) p. 70, Aug. 

(K8RIL) p. 46, Sept. 144 MHz ground plane antenna, 0.7 

Gridded tubes, Vhf/uhf effects in wavelength (W3WZA) p. 40, March 

(W6UOV) p. 8, Jan. 144 MHz linear 
Lighthouse tubes for uhf (W4KAE) p. 47, Jan. 

(W6UOV) p. 27, June 144 MHz preamp, Super 

Log-periodic yogi beam antenna (HN) p. 72, Oct. 

(K6RIL, W6SA I ) p. 8, July 220 MHz mosfet converter 
Microwave antenna, Low-cost (WB2EGZ) p. 28, Jan. 

(K6HIJ) p. 52, Nov, Short circuit p. 76, July 

Microwave communications, nmateur, 432-MHz exciter, Solid-state 

Standards for (K6HIJ) p. 54, Sept. ( W I O O P ) p. 38, Oct. 

Noise Figure, Meaning of 432 MHz lot preamp 

(K6MIO) p. 26, March (HN) p. 66, Aug. 

Parabolic reflector, 16-foot homebrew 1296 MHz frequency tripler 

(WB6 IOM) p. 8, Aug. (K4SUM, W4API ) p. 40, Sopt. 
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